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uro
n
is
loc
ate
d a
t
the
con
ver
gen
ce
of
div
ers
e
air
mas
ses
fro
m
the
Ar
ct
ic
Oc
ea
n,
Pa
ci
fi
c
Oc
ea
n,
Gu
lf
of
Me
xi
co
,a
nd
th
e
At
la
nt
ic
Oc
ea
n.
Th
ei
r
ac
ce
ss
to
th
e
ba
si
n
is
re
la
ti
ve
ly
un
ob
st
ru
ct
ed
,
re
su
lt
in
g
in
a
cl
im
at
e
ch
ar
ac
te
ri
ze
d
by
fou
r d
ist
inc
t s
eas
ona
l p
att
ern
s a
nd
ext
rem
es
of
wea
the
r t
hro
ugh
out
the
yea
r.
Dur
ing
the
sum
mer
,
Pac
ifi
c
air
mas
ses
pre
dom
ina
te
nea
rly
hal
f
of
the
tim
e.
It
is
dur
ing
the
se
occ
urr
enc
es
tha
t
ext
rem
ely
hig
h
tem
per
atu
res
may
occ
ur.
Fre
que
nt
per
iod
s
of
unc
omf
ort
abl
y h
ot,
hum
id,
tro
pic
al
wea
the
r
are
cau
sed
by
air
mas
ses
whi
ch
ori
gin
ate
ove
r
the
Gul
f
of
Mex
ico
.
How
eve
r,
sta
tio
ns
nor
th
of
the
lak
e h
ave
few
er
tha
n
six
mon
ths
wit
h
mea
n
tem
per
atu
res
abo
ve
10°
C
(1)
.
In
win
ter
,
mea
n
dai
ly
tem
per
atu
res
bel
ow
fre
ezi
ng
may
las
t
fou
r m
ont
hs.
Ext
rem
e
low
s
of
—45
°C
hav
e
bee
n
rec
ord
ed
dur
ing
spe
lls
of
col
d A
rct
ic
air
.
Pac
ifi
c
air
mas
ses
ent
er
the
bas
in
fro
m t
he
wes
t
as
coo
l,
dry
air
or
fro
m t
he
sou
th
as
coo
l,
moi
st
air
.
In
add
iti
on
to
the
se
lar
ge
air
mas
s
pat
ter
ns,
cyc
lon
ic
sto
rms
,
whi
ch
ori
gin
ate
ove
r
wes
ter
n N
ort
h
Ame
ric
a
and
the
Pac
ifi
c
0ce
an,
fre
que
ntl
y
pas
s
thr
Oug
h
the
bas
in.
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FIGURE 1-1 LAKE HURON BASIN AND STUDY AREA
 Spring and autumn are periods of transition. An average of six or seven
storms a month produces changeable weather as frontal systems move rapidly,
bringing considerable cloud cover and frequent, wide-spread rain. Between
storms, warm summy days and crisp, cool nights make these seasons pleasant
times of the year.
Due to its size, Lake Huron modifies the climate around it. With such a
large volume the lake acts as a vast reservoir for the storage of heat energy
and its subsequent exchange with the atmosphere. The lacustrine effects are
manifested in a numer of ways, including moderation of temperature, augmentation
or Suppression of precipitation, fog formation, and increased wind strength.
Precipitation on the water surface of the lake provides a direct contribution
to water supply and affects lake levels immediately. Annual precipitation on
the
lake
surf
ace
aver
ages
abou
t 81
.1 c
m.
Evap
orat
ion
has
an i
mpor
tant
effe
ct
on the availability of water and on the heat budget since it is a cooling
process. Average annual evaporation is about 66.0 to 71.6 cm, depending on
atmos
pheri
c co
nditi
ons
(Figu
re l—
2).
The w
ind
can t
ransp
ort
pollu
tants
origi
na—
ting inland out over the lake. These pollutants then may enter the lake by
diffusion, gravitational settling, or as dissolved and suspended material in
precipitation. The prevailing winds determine whether air—borne pollutants
will be carried over the lake (Figure l—3).
HYDROLOGY
Lake Huron is made up of four interconnected bodies of water: the main
lake
, S
agin
aw B
ay,
Nort
h Ch
anne
l,
and
Geor
gian
Bay
(see
Figu
re l
-l).
Lake
Huro
n is
the
seco
nd l
arge
st o
f th
e Gr
eat
Lake
s in
wate
r su
rfac
e ar
ea a
nd t
hird
in volume. The land area of its drainage basin is 131,000 km2 and the water
surface area is 59,570 km2 (2). At low water datum, Lake Huron contains 3,540
km3 of water, has a maximum depth of 229 m and an average depth of 59 m. The
total shoreline length including islands is 6,159 km. The long—term average
annual precipitation over the Lake Huron drainage basin for the period 1900—
1972
was
79.2
cm
(2).
Fift
y-se
ven
perc
ent
of t
he a
nnua
l pr
ecip
itat
ion
whic
h
fall
s on
the
land
port
ion
of t
he b
asin
is l
ost
by e
vapo
rati
on a
nd e
vapo
tran
s—
pira
tion
.
Loss
es f
rom
evap
orat
ion
from
the
lake
surf
ace
are
66.0
cm t
o 71
.6
cm p
er y
ear,
depe
ndin
g on
atmo
sphe
ric
cond
itio
ns.
Evap
orat
ion
loss
es a
re
sma
lle
st
in
spr
ing
and
gre
ate
st
in
the
fal
l a
nd
ear
ly
win
ter
.
The
mea
n a
nnu
al
run
off
for
the
per
iod
193
5-1
964
was
est
ima
ted
to
be
34.
3
cm,
abo
ut
43%
of
the
ave
rag
e a
nnu
al
pre
cip
ita
tio
n f
or
tha
t p
eri
od.
Hig
h
run
off
occ
urs
gen
era
lly
dur
ing
Mar
ch
or
Apr
il
due
to
sno
wme
lt,
and
low
run
off
occ
urs
dur
ing
Aug
ust
and
Sep
tem
ber
.
Dur
ing
the
per
iod
of
low
sur
fac
e r
uno
ff,
str
eam
s
dra
w a
sig
nif
ica
nt
amo
unt
of
wat
er
fro
m g
rou
ndw
ate
r,
par
tic
ula
rly
st
re
am
s
lo
ca
te
d
on
th
e
ea
st
er
n
sh
or
e
of
La
ke
Hu
ro
n.
La
ke
Hu
ro
n
an
d
La
ke
Mi
ch
ig
an
st
an
d
at
vi
rt
ua
ll
y
th
e
sa
me
le
ve
l
si
nc
e
th
ey
ar
e
co
nn
ec
te
d
by
th
e
br
oa
d
an
d
de
ep
St
ra
it
s
of
Ma
ck
in
ac
,
an
d
as
a
re
su
lt
th
ey
ar
e
hy
dr
ol
og
ic
al
ly
co
ns
id
er
ed
to
be
on
e
la
ke
.
Av
er
ag
e
ne
t
in
fl
ow
fr
om
La
ke
Mi
ch
ig
an
to
La
ke
Hu
ro
n
is
es
ti
ma
te
d
to
be
ab
ou
t
1,
40
0m
3/
s.
Th
e
St.
Ma
ry
s
Ri
ve
r
is
th
e
ot
he
r
ma
jo
r
in
fl
ow
,
dr
ai
ni
ng
2,
10
0
m3
/s
fr
om
La
ke
Su
pe
ri
or
.
La
ke
Hu
ro
n
di
sc
ha
rg
es
at
it
s
so
ut
he
rn
en
d
th
ro
ug
h
th
e
St
.
Cl
ai
r
Ri
ve
r
in
to
La
ke
St
.
Cl
ai
r,
wh
ic
h
in
tu
rn
di
sc
ha
rg
es
th
ro
ug
h
th
e
De
tr
oi
t
Ri
ve
r
in
to
La
ke
Er
ie
.
Th
e
av
er
ag
e
ou
tf
lo
w
of
La
ke
Hu
ro
n
fo
r
th
e
pe
ri
od
19
00
—1
97
2
wa
s
5,
07
0
ma
/s
.
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 GEOLOGY, HYDROGEOLOGY, AND PHYSIOGRAPHY
GEOLOGY
The geological history of the Upper Great Lakes Basin has been shaped by
the formation of two main types of rock, the Canadian Shield rocks and the
Phanerozoic rocks. Geologists have subdivided the Canadian Shield into three
structural provinces, the Grenville, Superior, and Southern. Portions of all
three provinces are found in the Lake Huron Basin (3). The present eroded
remnants of the Phanerozoic sequence are shown on Figure 1—4.
HYDROGEOLOGY
The rocks comprising the Canadian Shield are considered to be part of one
hydrogeologic unit and are generally classified as poor aquifers, the water
mainly occurring in joints and fractures and along fault and cleavage planes.
Water in contact with granites and gneisses will contain significant amounts of
silicate and alkalis and the ground water is then predominantly alkaline,
generally having a high pH value. Water from other igneous rocks is similar
to water from granites but is generally richer in silicate and alkaline materials.
Phanerozoic rocks tend to be better aquifers than the Canadian Shield rocks.
Due to the low primary porosity of the rock, ground water production is usually
obtained from bedrock where weathering and fracturing have occurred. Water from
carbonate terrains is often very hardand highly mineralized. Salinity and high
iron content are localized when they occur. Saline water is frequently encoun—
tered at shallow penetrations of shale. The Phanerozoic aquifers have oil, gas,
and salt brine below their water zones (3).
TOPOGRAPHY
The surficial geology of the northern section of the Canadian portion of the
Lake Huron Basin and the section to the east of Georgian Bay is characterized
largely by extensive ground moraine which forms a shallow discontinuous mantle
over bedrock (see Figure 1-5). The topography of this area is generally hilly
with good drainage (4, S). The topography of the southern CanadianBasin is
quite variable, being relatively level in the Bruce Peninsula but more hilly,
rolling, and undulating in the remainder of this section, with some strongly
broken areas along the Niagara Escarpment (5, 6). The mean elevation of Lake
Huron is about 175 m. To the east of the escarpment, elevations rise from
175 m along Georgian Bay to heights of 305 to 370 m above sea level. West of
the escarpment, the maximum elevation rises to over 520 m near Collingwood,
Ontario (6). Drainage is generally good throughout this section. The topography
of the U.S. Lake Huron Basin is largely a product of past glaciation. The
basin is characterized by its hilly glacial moraines in the western and southern
areas which greatly contrast with the flat glacial lake plains in the east (7).
Several hills reach altitudes of 400 m, whereas the plains are about 180 m above
sea level.
SOILS
Xorth of Lake Huron and east of Georgian Bay in Canada, soils generally are
predominantly coarse textured with bedrock at a third of a metre or less (5).
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FIGURE 1-5
SURFICIAL GEOLOGY - LAKE HURON DRAINAGE BASIN.
Information for northern Ontario is from Reference (4),
southern Ontario from Reference (5), and U.S. from
Reference (32).
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 The
soi
l t
ext
ure
in
thi
s a
rea
can
be
des
cri
bed
as
san
dy
loa
m a
nd
gen
era
lly
inf
ert
ile
.
The
soi
ls
in
the
Can
adi
an
Man
ito
uli
n-B
ruc
e P
eni
nsu
la
are
a a
re
pre
dom
ina
ntl
y m
edi
um
tex
tur
ed
loa
m f
orm
ed
on
til
l w
ith
bed
roc
k a
t a
thi
rd
of
a m
etr
e o
r l
ess
.
To
the
sou
th
of
Geo
rgi
an
Bay
and
at
the
sou
the
rn
tip
of
Lak
e H
uro
n,
the
Can
adi
an
Bas
in
con
tai
ns
mor
e v
ari
abl
e b
ut
gen
era
lly
fer
til
e
soi
ls
(5)
.
The
se
soi
ls
ran
ge
fro
m f
ine
tex
tur
ed
soi
ls
of
cla
y o
r s
ilt
loa
ms
to
med
ium
tex
tur
ed
loa
m a
nd
san
dy
loa
m.
The
U.
S.
Lak
e H
uro
n
Bas
in
con
tai
ns
a n
umb
er
of
soi
l—t
ype
s.
The
sou
thw
est
ern
and
sou
the
ast
ern
par
ts
of
the
bas
in
are
ver
y
san
dy.
How
eve
r,
the
sou
the
rn
sec
tio
n
of
the
bas
in
inc
lud
es
imp
er—
fec
tly
to
poo
rly
dra
ine
d
cla
y
loa
m a
nd
loa
my
san
ds.
The
nor
the
rn
par
t
of
the
ba
si
n
is
pr
ed
om
in
an
tl
y
sa
nd
s;
ho
we
ve
r,
he
av
ie
r
te
xt
ur
ed
so
il
s
ar
e
fo
un
d
in
th
e
ar
ea
al
on
g
th
e
no
rt
he
rn
pa
rt
of
Sa
gi
na
w
Bay
.
Ex
te
ns
iv
e
lo
wl
an
d
pe
at
an
d
mu
ck
so
il
s
ar
e
al
so
fo
un
d
th
ro
ug
ho
ut
th
e
no
rt
he
rn
pa
rt
of
th
e
ba
si
n
(8)
(se
e
Figure 1—5).
VEGETATION
Th
e
Ca
na
di
an
La
ke
Hu
ro
n
Ba
si
n
is
ex
te
ns
iv
el
y
fo
re
st
ed
.
Th
e
ex
ce
pt
io
n
is
th
e
we
ll
se
tt
le
d
ar
ea
so
ut
h
of
Ge
or
gi
an
Ba
y
an
d
ea
st
th
ro
ug
h
La
ke
Si
mc
oe
(9
).
Th
e
pr
in
ci
pa
l
tr
ee
sp
ec
ie
s
in
th
e
no
rt
h
ar
e
re
d
pi
ne
,
ea
st
er
n
wh
it
e
pi
ne
,
ea
st
er
n
he
ml
oc
k,
ye
ll
ow
bi
rc
h,
ma
pl
e,
an
d
oa
k.
Th
e
so
ut
he
rn
ti
p
of
th
e
ba
si
n
is
do
mi
na
te
d
by
be
ec
h,
ma
pl
e,
bl
ac
k
wa
ln
ut
,
hi
ck
or
y,
an
d
oa
k.
Th
e
U.
S.
La
ke
Hu
ro
n
Ba
si
n
is
di
vi
de
d
in
to
tw
o
ph
ys
io
gr
ap
hi
c
re
gi
on
s.
Th
e
no
rt
he
rn
ha
lf
is
ve
ge
ta
te
d
wi
th
a
va
ri
et
y
of
co
ve
r
ty
pe
s i
nc
lu
di
ng
no
rt
h
fo
re
st
ja
ck
pi
ne
an
d
ot
he
r
ti
mb
er
,
op
en
gr
as
sy
ar
ea
s,
wo
od
ed
bo
gs
,
an
d
br
us
h
la
nd
s.
Th
e
so
ut
he
rn
ha
lf
is
ge
ne
ra
ll
y
fl
at
te
rr
ai
n
an
d
ha
s
be
en
he
av
il
y
fa
rm
ed
an
d
is
le
ss
wo
od
ed
(7).
POPULATION
Po
pu
la
ti
on
an
d
th
e
su
pp
or
ti
ng
ec
on
om
ic
ac
ti
vi
ty
th
at
it
cr
ea
te
s
ar
e
th
e
pr
im
e
ca
us
e
fo
r
de
ma
nd
s
fo
r
wa
te
r
us
es
an
d
fo
r
ad
eq
ua
te
wa
te
r
qu
al
it
y
to
su
p-
po
rt
th
os
e
us
es
.
Th
e
pr
es
en
t
an
d
pr
oj
ec
te
d
to
ta
l
po
pu
la
ti
on
of
th
e
La
ke
Hu
ro
n
Ba
si
n
is
su
mm
ar
iz
ed
as
fo
ll
ow
s:
Population
(millions)
Ye
ar
Un
it
ed
St
at
es
Ca
na
da
To
ta
l
19
50
0.
83
9
0.
57
8
1.
41
7
19
70
1.
23
6
0.
92
3
2.
15
9
20
00
1.
67
9
1.
36
8
3.
04
7
20
20
1.
89
2
1.
73
3
3.
62
5
Th
e
to
ta
l
po
pu
la
ti
on
of
th
e
La
ke
Hu
ro
n
Ba
si
n
wa
s
ab
ou
t
2.
2
mi
ll
io
n
in
19
70
an
d
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oj
ec
te
d
to
in
cr
ea
se
to
ab
ou
t
3.
6
mi
ll
io
n
in
20
20
,
an
in
cr
ea
se
of
ab
ou
t
1.
4
mi
ll
io
n
or
64
%
(1
0,
11
).
In
19
70
,
th
e
Ca
na
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ou
t
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e
to
ta
l
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t
57
%.
Th
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e
d
20
20
p
o
p
ul
a
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l
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e
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th
e
tw
o
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Th
e
19
70
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l
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of
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t
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th
e
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an
d
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B
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n
wa
s
ab
ou
t
40
%
r
ur
a
l
an
d
60
%
ur
ba
n.
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 Although the U. S. and Canadian definitions of urban and rural population are
not identical, the difference does not cause a major error in comparing
population figures. The population distribution of the Lake Huron Basin is
summarized on Figure 1—6.
The northern portion of the U. S. Lake Huron Basin is predominantly rural.
In 1970 the population of the 11 northern counties was 74% rural, and six had
no urban population. In contrast, the population of the southern portion is 60%
urban and contains three Standard Metropolitan Statistical Areas (SMSA's) or
areas of significant urban and economic development (12). These are Flint, Bay
City, and Saginaw, Michigan, all in the Saginaw River Basin. Combined, they
contained about 68% of the 1970 population of the U. S. Lake Huron Basin.
In the northern Canadian Lake Huron area, isolated urban communities
scattered along road and rail routes dot the largely undeveloped hinterland (l3).
Settlement has largely been in response to the discovery and exploitation of
forest and mineral resources. The Sudbury Census Metropolitan Area or area of
significant urban and economic development is the only major population centre.
It is located in a large mineral mining and refining area near the northern
shore of Georgian Bay. Its 1971 population of 155,424 was about 17% of that in
the Canadian Lake Huron Basin. The Canadian Lake Huron Basin south of Georgian
Bay was first settled to exploit the lumber resources andlater for agriculture.
Agriculture has remained the predominant economic activity, but it does not
support large urban centres. Since World War II, the eastern Georgian Bay area
has rapidly evolved as the "cottage country" of Ontario. The non—resident
population greatly exceeds permanent residents in many municipalities of the
Canadian Shield, particularly in Parry Sound, Muskoka, and Haliburton.
LAND USE AND DEVELOPMENT
The land use patterns in the Lake Huron Basin are shown on Figure 1—7. Land
use and development arediscussed under the categories of agriculture, industrial,
municipal, and forestry. The Lake Huron Basin Economic Forecast is shown on
Figure 1—8. All dollar values in this section have been corrected to 1975
dollars.
AGRICULTURE
Poor soil and a severe climate limit agricultural productivity in the
northern areas of the Lake Huron Basin (14, 15). The southern portions have con—
siderably better developed agriculture. Livestock and dairying are the most
important agricultural activities in all but a few areas. In the southern
section of the U. S. basin cash grain and other field crops predominate, although
even in this area livestock sales amount to 40% of farm products sold. This sec—
tion produces one third of the field bean crop of the entire United States. In
Canada, there have been substantial increases in field crops, fruits, and vegeta—
bles in the Muskoka—Severn area, but in general, the trend shows a decline of field
and forest products and an increase of greenhouse and nursery production. With few
exceptions, the trend also shows a decrease of total area under cultivation, number
of farms, and an increase in average farm size. In the Saugeen—Maitland area the
total area under crops actually increased over the 1951-1971 period. The total
land area of the basin is almost 12 million hectares, 3.5 million of it in the U.S.
(l4) and 8.5 million in Canada (16). Forest range and undeveloped land comprise
12
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agricultural total earnings in the U. S. portion are estimated at $87.2 million
in 1980, and are projected to increase to $122.4 million by 2020 (10). The
total value of the agricultural real domestic product of the Canadian portion
is estimated at $98.8 million in 1980 (15), and is projected to increase to
$437.0 million by 2020 (17). The forecasted "world food crisis" and declining
marginal increases in yields from increasing chemical use and mechanization
suggest that full use of all available agricultural land will be required in
the long term.
INDUSTRIAL
In the Canadian Lake Huron Basin, real domestic product from manufacturing
is projected to increase from $4,125.6 million in 1980 to $23,395.0 million in
2020 (17). Important industries are primary metals, pulp and paper, food
processing, chemicals, transport equipment, and metal fabricating. The Algoma
Steel Plant at Sault Ste. Marie forms an important segment of the primary metals
industry. Pulp and paper industries are supported by the forest resources of
the northern part of the basin, and food processing industries are supported by
the agriculture resources of the eastern and southern part of the basin (15).
Real domestic product from mining is projected to increase from $1,511.0 million
in 1980 to $9,530.2 million in 2020 (17). The Sudbury area is the most important
mining area in Ontario. Minerals produced here include uranium, thorium,
yttrium, gold, silver, and nickel. Salt, limestone, sand and gravel, and oil
and gas are produced in the southern part of the basin (15). Thermal electric
power production is concentrated at the Douglas Point complex on the Bruce
Peninsula. Projected power demands show that up to three new thermal electric
generating complexes may be located in the Canadian Lake Huron Basinby the year
2000 (18).
In the U. S. Lake Huron Basin, earnings from manufacturing are projected to
increase from $3,105.9 million in 1980 to $9,996.9 million in 2020 (10). The
three SMSA's of Bay City, Flint, and Saginaw are projected to produce 84% of both
the 1980 and 2020 earnings from manufacturing (12). Important manufacturing
industries are motor vehicles and equipment, chemicals and allied products,
primary metals, and machinery. In terms of earnings, paper and allied products
is the largest industry in the northern part of the basin. Earnings from mining
are projected to increase from $28.1 million in 1980 to $51.3 million in 2020 (10).
Mineral commodities produced include clay, peat, petroleum and natural gas, salt,
sand and gravel, and limestone. Cement and lime are manufactured from both local
and imported raw materials and bromine, calcium compounds, iodine, magnesium
compounds, and potash are extracted from natural brines. Thermal electric power
installed capacity is projected to increase from 1,707 megawatts in 1970 to
75,157 megawatts in 2020. By the year 2020, nuclear installed capacity is
projected to be 90% of the total (l9).
l6
 TABLE 1-1
PRESENT SEWAGE TREATMENT FACILITIES IN THE LAKE HURON BASIN
  
 
 
  
TYPE OF SEWAGE SYSTEM
POPULATION PHOSPHORUS
FACILITY
SERVED
TREATMENT
REMOVAL
COLLECTION
UNITED STATES
Mount Pleasant
14,100
Primary
No
Separate
Genesee County No. 2
22,000
Primary
Yes
Separate
Alma
10,200
Secondary
Yes
Separate
Sault Ste. Marie,
Michigan
13,000
Primary
No
Combined
Saginaw
106,000
Secondary
Yes
Combined
Saginaw Township
27,500
Primary
Yes
Mixed
Genesee County No. 3
11,000
Secondary
Yes
Separate
Alpena 15,200 Secondary Yes Mixed
Bay City 53,300 Secondary Yes Mixed
Flint
264,700
Secondary
d
Mixed
Midland
35,100
Tertiary
Yes
Mixed
Zilwaukee
23,100
Secondary
Yes
Separate
Owosso
20,000
Primary
Yes
Mixed
Buena Vista Township
11,000
Secondary
Yes
Mixed
CANADA
North Bay
46,000
Secondary
Yes
Separate
Sault Ste. Marie,
Ontario
77,500
Primary
No
Mixed
Owen Sound
18,000
Primary
Yes
Mixed
Midland 11,000 Primary Yes Mixed
Sudbury
91,200
Secondary
No
Separate
Barrie
42,500
Secondary
Yes
Separate
Ori11ia
22,000
Secondary
Yes
Separate
Newmarket
17,700
Secondary
Yes
Separate
Aurora
13,500
Secondary
Yes
Separate
Collingwood
10,600
Primary
Yes
Separate
OTHERS
68 facilities
195,800
a
b
c
TOTAL 1,172,000
 
By population served:
12,100 (1.2%) intermediate, and 25,800 (2.4%) lagooned.
No other Canadian facilities have phosphorus removal. .
By population served: 51,500 (4.8%) separate, 144,300 (13.6%) combined
or mixed (combined and separate).
Under construction.
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55,000 (5.2%) primary, 102,400 (9.6%) secondary,
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TABLE 1—2
LAKE HURON PUBLIC WATER SUPPLY SUMVIARY
AVERAGE
CONSUMPTION
POPULATION (CUBIC METRES
LOCATION SERVED PER DAY) TREATMENT
UNITED STATES
lﬁchigan
Alabaster 40 38 Disinfection
Alpena 13,800 5,678 Purificationa, Fluoridation
Bay City 78,000b 41,000b Purification, Fluoridation, Softening,
Taste and Odour
De Tour 600 151 Purification, Fluoridation, Taste
and Odour
DetroitC (4,000,000) (1,510,000) Purification, Fluoridation, Taste
and Odour
East Tawas 4,000b 2,000b Purification, Fluoridation
Harbor Beach 2,100 4,466 Purification, Fluoridation
Mackinac Island 700 1,892 Disinfection
Pinconning 1,400 900 Purification, Fluoridation, Taste
and Odour
Pointe Aux Barques 300 114f Filtration, Disinfection
Port Austin 900 700b Purification, Taste and Odour
Port Hope 340 151 Purification
Port Hurond 41,800 44,284 Purification
Saginaw—Midland
Water Authority 224,000b 190,000b Purification, Fluoridation, Taste
and Odour, Softening
Saint Ignace 3,000 2,271 Disinfection
Sault Ste. Mariee 15,000 10,409 Disinfection, Fluoridation
Total UNITED STATES 385,980b 304,054b
CANADA
Ontario
Sault Ste. Mariee 72,000 36,400 Disinfection, Taste and Odour
Thessalon 2,000 500 Disinfection
Gore Bay 800 500 Disinfection
Little Current 1,400 1,300 Disinfection
1 Parry Sound 6,200 3,200 Disinfection, Fluoridation
Waubaushene 300 200 Disinfection
Victoria Harbour 1,200 300 Disinfection
Port McNicoll 1,300 900 Disinfection
Wasaga Beach (System under Construction)
Collingwood 10,400 5,900 Disinfection
Meaford 4,400 4,600 Purificationa
Owen Sound 19,000 15,000 Fluoridation, Purificationa
Wiarton 2,300 3,700 Disinfection
Lion's Head 300 100 Disinfection
Southampton 5,100 1,600 Disinfection, Filtration
Port Elgin 4,500 2,700 Purificationa
Kincardine 5,000 2,300 Purificationa
Goderich 6,700 5,000 Fluoridation, Purificationa
Bruce Mines 300 100 Disinfection, Fluoridation
Petrolia/Brights Grove 10,000 3,600 Purificationa, Fluoridation
Lambton County/Sarnia 65,000 25,000 Purificationa
Lake Huron Water
swph Wsmm
(London) 232,200 109,300 Disinfection, Fluoridation
Total CANADA 450,400 222,200
     
a. Purification includes disinfection, coagulation, sedimentation, and filtration.
b. Figures differ from Volume I, due to use of updated information.
c. Withdrawal of Lake Huron water is scheduled to commence summer 1976. The population
figure is the total served by the Detroit system. Total water withdrawal is
2,660,000 m3/d; the balance comes from the Detroit River.
d. Supply from St. Clair River, just below entry from Lake Huron.
e. Supply from St. Marys River.
f. Estimated.
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fo
re
st
ed
an
d
co
nt
ai
ns
la
rg
e
ar
ea
s
of
fa
rm
an
d
ur
ba
n
la
nd
.
Be
ca
us
e
of
lo
ca
l
de
ma
nd
,
th
e
re
cr
ea
ti
on
al
re
so
ur
ce
s
of
th
e
so
ut
he
rn
pa
rt
of
th
e
ba
si
n
ar
e
he
av
il
y
us
ed
.
Th
e
to
ta
l
in
co
me
fr
om
re
cr
ea
ti
on
in
th
e
U.
S.
ba
si
n
wa
s
$6
3
mi
ll
io
n
in
19
67
(7
).
Th
e
pr
in
ci
pa
l
wa
te
r-
or
ie
nt
ed
ac
ti
vi
ti
es
ar
e
bo
at
in
g,
sp
or
t
fi
sh
in
g,
sw
im
mi
ng
,
an
d
ca
mp
in
g.
Ma
ny
of
th
es
e
ac
ti
vi
ti
es
ar
e
me
t
on
sm
al
l
in
la
nd
la
ke
s
an
d
ri
ve
rs
es
pe
ci
al
ly
in
th
e
no
rt
he
rn
pa
rt
of
th
e
ba
si
n,
an
d
th
e
de
ma
nd
of
te
n
or
ig
in
at
es
fr
om
th
e
es
ti
ma
te
d
44
,0
00
su
mm
er
ho
me
s,
ma
ny
ow
ne
d
by
no
nb
as
in
re
si
de
nt
s
(7
).
Fu
tu
re
in
cr
ea
se
s
in
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
ar
e
pr
o—
je
ct
ed
fr
om
in
cr
ea
se
d
re
cr
ea
ti
on
al
bo
at
in
g.
Bo
at
in
g
re
gi
st
ra
ti
on
is
es
ti
ma
te
d
to
in
cr
ea
se
fr
om
70
,0
00
bo
at
s
in
19
70
to
13
9,
00
0
in
20
20
ba
se
d
on
th
e
pr
oj
ec
te
d
in
cr
ea
se
in
po
pu
la
ti
on
(2
5)
.
In
cr
ea
se
d
sp
or
t
fi
sh
in
g,
es
pe
ci
al
ly
on
in
la
nd
wa
te
rs
of
th
e
no
rt
he
rn
pa
rt
of
th
e
ba
si
n
(2
5)
,
an
d
a
tr
ip
li
ng
of
wa
te
r—
or
ie
nt
ed
ac
ti
vi
ti
es
su
ch
as
pi
cn
ic
ki
ng
,
ca
mp
in
g,
an
d
hi
ki
ng
ar
e
al
so
ex
pe
ct
ed
(7
).
Wa
te
r—
or
ie
nt
ed
re
cr
ea
ti
on
al
re
qu
ir
em
en
ts
fo
r
th
e
U.
S.
La
ke
Hu
ro
n
Ba
si
n
ar
e
es
ti
ma
te
d
to
in
cr
ea
se
fr
om
ab
ou
t
10
.1
mi
ll
io
n
re
cr
ea
ti
on
da
ys
in
19
70
to
31
.8
mi
ll
io
n
in
20
20
,
wi
th
mo
st
de
ma
nd
oc
cu
rr
in
g
in
th
e
so
ut
he
rn
pa
rt
of
th
e
ba
si
n
(7
).
Th
e
ae
st
he
ti
c
an
d
na
tu
ra
l
be
au
ty
of
mu
ch
of
th
e
La
ke
Hu
ro
n
sh
or
el
in
e
ma
ke
s
si
gh
t—
se
ei
ng
pa
rt
ic
ul
ar
ly
at
tr
ac
ti
ve
.
Im
po
rt
an
t
re
cr
ea
ti
on
al
sh
or
el
in
e
ar
ea
s
ar
e
sh
ow
n
on
Fi
gu
re
s
1—
9,
1—
10
,
an
d
1—
11
.
Wa
te
r-
or
ie
nt
ed
re
cr
ea
ti
on
al
ac
ti
vi
ti
es
on
th
e
Ca
na
di
an
si
de
of
La
ke
Hu
ro
n
ar
e
qu
it
e
ex
te
ns
iv
e.
Re
cr
ea
ti
on
al
ac
ti
vi
ti
es
ar
e
co
nc
en
tr
at
ed
al
on
g
th
e
La
ke
Hu
ro
n
Sh
or
el
in
e
ar
ea
s
in
th
e
so
ut
he
rn
pa
rt
of
th
e
ba
si
n,
bu
t
th
ey
te
nd
to
be
mo
re
ev
en
ly
sp
re
ad
th
ro
ug
ho
ut
th
e
ba
si
n
in
th
e
ce
nt
ra
l
an
d
no
rt
he
rn
po
rt
io
ns
.
Th
e
re
ce
nt
ra
pi
d
gr
ow
th
in
de
ma
nd
fo
r
ou
td
oo
r
re
cr
ea
ti
on
al
fa
ci
li
ti
es
fr
om
pr
ov
in
ci
al
,
ou
t—
of
—p
ro
vi
nc
e,
an
d
U.
S.
so
ur
ce
s
ha
s
pl
ac
ed
su
bs
ta
nt
ia
l
pr
es
su
re
s
on
ex
is
ti
ng
fa
ci
li
ti
es
.
Th
e
go
ve
rn
me
nt
ha
s
se
t
as
id
e
ad
di
ti
on
al
re
cr
ea
ti
on
al
re
se
rv
es
an
d
in
te
ns
if
ie
d
de
ve
lo
pm
en
t
of
fa
ci
li
ti
es
su
ch
as
th
e
pr
ov
in
ci
al
pa
rk
sy
st
em
an
d
co
ns
er
va
ti
on
ar
ea
s.
So
ur
ce
s
of
re
cr
ea
ti
on
al
de
ma
nd
in
th
e
ba
si
n
co
me
ma
in
ly
fr
om
th
e
pr
ov
in
ce
,
al
th
ou
gh
U.
S.
to
ur
is
ts
co
nt
ri
bu
te
a
hi
gh
er
pe
r
ca
pi
ta
re
cr
ea
ti
on
al
ex
pe
nd
it
ur
e
(1
5)
.
Th
e
le
ve
l
of
re
cr
ea
ti
on
al
ac
ti
vi
ty
is
in
di
ca
te
d
by
th
e
fa
ct
th
at
in
19
72
th
e
pr
ov
in
ci
al
pa
rk
s
of
th
e
we
st
er
n
an
d
so
ut
he
rn
Ge
or
gi
an
Ba
y
ar
ea
dr
ew
mo
re
th
an
3
mi
ll
io
n
Vi
si
to
rs
in
19
72
wh
ic
h
is
ov
er
3
ti
me
s
th
e
Ca
na
di
an
La
ke
Hu
ro
n
Ba
si
n
po
pu
la
ti
on
of
93
8,
00
0
in
19
71
.
Th
e
ex
te
nt
of
co
tt
ag
e
de
ve
lo
pm
en
t
in
th
e
ba
si
n
is
al
so
an
in
di
ca
to
r
of
th
e
ex
te
nt
of
re
cr
ea
ti
on
al
ac
ti
vi
ty
.
Th
e
to
ta
l
co
tt
ag
e
po
pu
la
ti
on
at
it
s
se
as
on
al
pe
ak
is
es
ti
ma
te
d
to
be
34
5,
00
0
wh
ic
h
is
ov
er
on
e-
th
ir
d
of
th
e
to
ta
l
re
si
de
nt
po
pu
la
ti
on
of
th
e
Ca
na
di
an
La
ke
Hu
ro
n
Ba
si
n.
Th
e
bu
lk
of
th
e
co
tt
ag
e
po
pu
la
ti
on
is
fr
om
th
e
To
ro
nt
o
ar
ea
.
Wh
en
th
e
co
mp
on
en
ts
su
ch
as
to
ur
is
ts
,
ca
mp
er
s,
an
d
bo
at
er
s
ar
e
in
cl
ud
ed
,
th
e
hn
pa
ct
of
th
e
no
n—
re
si
de
nt
po
pu
la
ti
on
on
ex
is
ti
ng
fa
ci
li
ti
es
an
d
on
th
e
ba
si
n
la
nd
an
d
wa
te
r
en
vi
ro
nm
en
t
is
si
gn
if
ic
an
t.
On
e
of
th
e
ma
jo
r
at
tr
ac
ti
on
s
of
th
e
Ca
na
di
an
La
ke
Hu
ro
n
Ba
si
n
to
re
cr
ea
ti
on
—
al
is
ts
an
d
to
ur
is
ts
is
th
e
ac
tu
al
la
ke
it
se
lf
.
Th
e
sc
en
er
y
an
d
na
tu
ra
l
be
au
ty
of
th
e
No
rt
h
Ch
an
ne
l
an
d
Ge
or
gi
an
Ba
y
sh
or
el
in
es
an
d
th
e
ki
lo
me
tr
es
of
sa
nd
y
be
ac
h
26
from
the
Bruc
e Pe
nins
ula
sout
h to
Sarn
ia (
Figu
re l
—ll)
prov
ide
subs
tant
ial
oppo
rtun
itie
s fo
r co
ttag
ing,
camp
ing,
and
swim
ming
.
Recr
eati
onal
boat
ing
is
beco
ming
incr
easi
ngly
popu
lar,
part
icul
arly
in t
he s
outh
ern
half
of G
eorg
ian
Bay
and
Bru
ce
Pen
ins
ula
are
a o
f L
ake
Hur
on,
as
is
ind
ica
ted
by
the
num
ber
of
recr
eati
onal
harb
ours
show
n on
Figu
re 1
—11.
Spor
t fi
shin
g in
the
lake
is
anot
her
majo
r at
trac
tion
, pa
rtic
ular
ly t
o to
uris
ts f
rom
the
Unit
ed S
tate
s.
One
of t
he m
ost
heav
ily
fish
ed a
reas
in t
he p
rovi
nce
is t
he P
arry
Soun
d an
d
Midl
and—
Hone
y Ha
rbou
r ar
ea o
f Ge
orgi
an B
ay w
hile
the
Owen
Soun
d ar
ea i
s al
so
popu
lar
for
its
annu
al r
ainb
ow t
rout
runs
. M
ost
spor
t fi
shin
g oc
curs
near
shore. Offshore main-basin waters are relatively lightly used for sport
fishing.
Wate
r qu
alit
y pr
oble
ms a
ssoc
iate
d wi
th r
ecre
atio
n ha
ve a
mino
r im
pact
on
Lake
Huro
n as
a wh
ole.
Loca
lize
d po
llut
ion
prob
lems
occu
r in
high
dens
ity
area
s.
Thes
e in
clud
e ve
ssel
wast
e di
scha
rges
, e
spec
iall
y in
crow
ded
mari
nas,
dest
ruct
ion
of v
eget
ativ
e co
ver
and
incr
ease
d so
il e
rosi
on b
y us
e of
snow
mo—
bile
s an
d du
ne b
uggi
es,
and
inad
equa
tely
trea
ted
dome
stic
wast
e di
scha
rges
and
acc
umu
lat
ion
s o
f d
ebr
is
and
lit
ter
in
are
as
of
lar
ge
sea
son
al
pop
ula
tio
n.
Alo
ng
the
east
ern
shor
e of
Geor
gian
Bay,
conc
entr
atio
ns o
f co
ttag
e de
velo
pmen
ts a
nd
larg
e se
ason
al p
opul
atio
n ha
ve c
ause
d co
ncer
n fo
r en
viro
nmen
tal
qual
ity.
COMMERCIAL FISHERIES
The
aver
age
annu
al p
rodu
ctio
n of
the
majo
r co
mmer
cial
fish
spec
ies
of L
ake
Huron is summarized as follows:
 
Period Production
(years) (millions of kilograms)
1879 — 1909 10.78
1945 - 1949 4.61
1955 - 1959 3.21
1965 — 1969 2.83
1970 — 1974 2.18
The
ear
ly
cat
ch
was
com
pos
ed
pri
mar
ily
of
lak
e t
rou
t,
suc
ker
s,
lak
e h
err
ing
,
Whi
tef
ish
, a
nd
wal
ley
es
(27)
.
Pro
duc
tio
n r
eac
hed
a p
eak
abo
ut
190
0 w
hen
the
ave
rag
e a
nnu
al
yie
ld
rea
che
d 1
0.8
mil
lio
n k
ilo
gra
ms.
The
cat
ch
rem
ain
ed
hig
h,
usu
all
y a
bou
t 9
.1
mil
lio
n k
ilo
gra
ms,
unt
il
194
0 w
hen
it
sta
rte
d t
o d
ecl
ine
.
Pro
duc
tio
n d
ecl
ine
d t
o a
n a
ver
age
of
2.2
mil
lio
n k
ilo
gra
ms
dur
ing
197
0 —
197
4,
whe
n c
arp
, y
ell
ow
per
ch,
chu
bs,
and
Whi
tef
ish
acc
oun
ted
for
71%
of
the
tot
al
catch.
Al
th
ou
gh
fi
sh
in
g
wa
s
in
te
ns
e
an
d
fr
eq
ue
nt
ly
ca
us
ed
ov
er
ex
pl
oi
ta
ti
on
,
th
e
inv
asi
on
of
the
sea
lam
pre
y w
as
the
maj
or
fac
tor
in
the
red
uct
ion
of
the
cat
ch
and
change in species after 1940. The lamprey was presumed to have entered the Great
La
ke
s
in
th
e
la
te
18
00
's
fr
om
its
na
ti
ve
oc
ea
n
ha
bi
ta
t
vi
a
th
e
Er
ie
Ca
na
l,
an
d
by-
pas
sed
Nia
gar
a
Fal
ls
via
the
Wel
lan
d
Can
al
by
the
192
0's
.
It
sub
seq
uen
tly
spr
ead
thr
oug
hou
t t
he
Upp
er
Gre
at
Lak
es.
It
is
a p
ara
sit
e,
liv
ing
on
the
blo
od
of
oth
er
fis
h a
nd
is
par
tic
ula
rly
des
tru
cti
ve
of
lar
ge
fis
h.
The
dec
lin
e o
f
man
y s
pec
ies
aft
er
195
0 w
as
ass
oci
ate
d w
ith
the
inc
rea
se
of
the
ale
wif
e w
hic
h
27
 wa
s
an
ot
he
r
ma
ri
ne
in
va
de
r
th
at
en
te
re
d
th
e
Gr
ea
t
La
ke
s
vi
a
th
e
sa
me
ro
ut
e
as
th
e
se
a
la
mp
re
y.
Th
e
sm
al
l
he
rr
in
g—
li
ke
al
ew
if
e
be
ca
me
th
e
mo
st
ab
un
da
nt
fi
sh
in
La
ke
Hu
ro
n
by
19
65
an
d
is
be
li
ev
ed
to
co
mp
et
e
to
th
e
di
sa
dv
an
ta
ge
of
na
ti
ve
sp
ec
ie
s
by
ca
us
in
g
a
ma
jo
r
re
du
ct
io
n
in
th
e
si
ze
an
d
ab
un
da
nc
e
of
sm
al
l
fo
od
organisms eaten by fish.
Th
e
In
te
rn
at
io
na
l
Gr
ea
t
La
ke
s
Fi
sh
er
y
Co
mm
is
si
on
in
it
ia
te
d
a
pr
og
ra
m
to
co
nt
ro
l
th
e
se
a
la
mp
re
y
th
at
be
ca
me
fu
ll
y
ef
fe
ct
iv
e
in
La
ke
Hu
ro
n
in
19
70
.
Th
e
re
du
ce
d
se
a
la
mp
re
y
po
pu
la
ti
on
re
Su
lt
ed
in
sh
ar
p
in
cr
ea
se
s
in
Wh
it
ef
is
h
an
d
su
ck
er
s,
an
d
co
nt
ri
bu
te
d
to
th
e
su
cc
es
s
of
pl
an
ti
ng
ha
tc
he
ry
—r
ea
re
d
tr
ou
t
an
d
sa
lm
on
.
Th
e
la
ke
tr
ou
t
wh
ic
h
re
ac
he
d
vi
rt
ua
l
ex
ti
nc
ti
on
in
th
e
19
50
's
is
be
in
g
re
in
tr
od
uc
ed
al
on
g
wi
th
"s
pl
ak
e"
wh
ic
h
is
a
hy
br
id
of
la
ke
an
d
br
oo
k
(s
pe
ck
le
d)
tr
ou
t
th
at
wa
s
de
ve
lo
pe
d
to
be
le
ss
vu
ln
er
ab
le
to
se
a
la
mp
re
y
pr
ed
at
io
n.
Re
ce
nt
in
tr
od
uc
ti
on
s
of
Pa
ci
fi
c
sa
lm
on
an
d
st
ee
lh
ea
d
tr
ou
t
ha
ve
ha
d
su
bs
ta
nt
ia
l
su
cc
es
s.
Ch
in
oo
k
an
d
co
ho
sa
lm
on
an
d
st
ee
lh
ea
d
tr
ou
t
ha
ve
th
ri
ve
d
we
ll
on
th
e
ab
un
da
nc
e
of
al
ew
iv
es
wh
ic
h
ar
e
si
mi
la
r
to
th
ei
r
fo
od
in
th
e
oc
ea
n
en
vi
ro
nl
en
t.
Su
cc
es
s
of
re
ce
nt
in
tr
od
uc
ti
on
s
of
th
e
ko
ka
ne
e
sa
lm
on
wh
ic
h
fe
ed
s
on
sm
al
le
r
fo
od
or
ga
ni
sm
s
ha
s
no
t
ye
t
be
en
ev
al
ua
te
d,
bu
t
th
e
pi
nk
sa
lm
on
wh
ic
h
ha
s
si
mi
la
r
fe
ed
in
g
re
qu
ir
em
en
ts
is
in
cr
ea
si
ng
ra
pi
dl
y
in
La
ke
Hu
ro
n
wh
er
e
it
sp
re
ad
fr
om
an
in
tr
od
uc
ti
on
in
La
ke
Su
pe
ri
or
in
19
56
.
Th
e
sa
lm
on
an
d
tr
ou
t
ar
e
us
ed
pr
im
ar
il
y
for a growing recreational fishery.
WASTE ASSIMILATION
Wa
st
e
as
si
mi
la
ti
on
fr
om
bo
th
po
in
t
an
d
di
ff
us
e
so
ur
ce
s
oc
cu
rs
th
ro
ug
ho
ut
th
e
ba
si
n.
An
im
po
rt
an
t
ar
ea
of
wa
st
e
as
si
mi
la
ti
on
fr
om
po
in
t
so
ur
ce
wa
st
e
di
sc
ha
rg
es
is
th
e
Sa
gi
na
w
Ba
y
ar
ea
.
He
re
th
e
wa
st
es
di
sc
ha
rg
ed
to
th
e
Sa
gi
na
w
Ri
ve
r
ha
ve
ca
us
ed
nu
tr
ie
nt
en
ri
ch
me
nt
an
d
ot
he
r
wa
te
r
qu
al
it
y
pr
ob
le
ms
in
Sa
gi
na
w
Ba
y.
Wa
st
e
as
si
mi
la
ti
on
fr
om
no
np
oi
nt
so
ur
ce
s
oc
cu
rs
th
ro
ug
ho
ut
th
e
ba
si
n
wh
er
e
po
ll
ut
an
ts
ar
e
ca
rr
ie
d
to
th
e
la
ke
in
la
nd
dr
ai
na
ge
or
in
wa
sh
—o
ut
or
by
ab
so
rp
ti
on
fr
om
the
at
mo
sp
he
re
.
Mu
ch
of
th
e
wa
st
e
as
si
mi
la
ti
on
fr
om
no
np
oi
nt
so
ur
ce
s
is
ca
us
ed
by
th
e
ag
ri
cu
lt
ur
al
ec
on
om
y
of
th
e
so
ut
he
rn
ha
lf
of
th
e
ba
si
n.
He
re
th
e
dr
ai
na
ge
fr
om
ag
ri
cu
lt
ur
al
la
nd
s
ca
rr
ie
s
se
di
me
nt
s,
fe
rt
il
iz
er
s,
an
d
ot
he
r
po
ll
ut
an
ts
to
the lake.
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Ch
ap
te
r
2
de
sc
ri
be
s
th
e
le
gi
sl
at
iv
e
me
ch
an
is
ms
di
re
ct
ed
to
wa
rd
go
ve
rn
—
me
nt
al
ma
na
ge
me
nt
of
th
e
Up
pe
r
La
ke
s.
So
me
of
th
e
fe
de
ra
l,
st
at
e,
or
pr
o—
vi
nc
ia
l
la
ws
ar
e
of
re
ce
nt
pa
ss
ag
e
be
ca
us
e
ma
ny
of
th
e
co
nc
er
ns
ab
ou
t
wa
te
r
qu
al
it
y
of
th
e
Up
pe
r
La
ke
s
ar
e
of
re
la
ti
ve
ly
re
ce
nt
or
ig
in
.
Th
e
ap
pr
op
ri
at
e
la
ws
an
d
re
sp
on
si
bl
e
ag
en
ci
es
ar
e
br
ie
fl
y
de
sc
ri
be
d
by
ju
ri
sd
ic
ti
on
:
U.
S.
fe
de
ra
l,
Mi
ch
ig
an
,
Ca
na
da
fe
de
ra
l,
an
d
On
ta
ri
o.
Ch
ap
te
r
2
al
so
co
nt
ai
ns
de
fi
ni
ti
on
s
of
ce
rt
ai
n
te
ch
ni
ca
l
te
rm
s
us
ed
in
th
is
re
po
rt
.
Th
e
va
ri
ou
s
wa
te
r
qu
al
it
y
cr
it
er
ia
,
st
an
da
rd
s,
ob
je
ct
iv
es
,
an
d
gu
id
el
in
es
de
ve
lo
pe
d
by
th
e
se
ve
ra
l
ju
ri
sd
ic
ti
on
s
ar
e
al
so
pr
es
en
te
d
in
Ap
pe
nd
ix
C.
TERMINOLOGY
CR
IT
ER
IA
,
ST
AN
DA
RD
S,
OB
JE
CT
IV
ES
,
AN
D
GU
ID
EL
IN
ES
Cr
it
er
ia
,
st
an
da
rd
s,
ob
je
ct
iv
es
,
an
d
gu
id
el
in
es
ar
e
fo
ur
te
rm
s
th
at
ha
ve
be
en
wi
de
ly
us
ed
in
wa
te
r
qu
al
it
y
li
te
ra
tu
re
an
d
le
gi
sl
at
io
n.
Al
l
re
fe
r
to
ru
le
s
an
d
li
mi
ta
ti
on
s
on
ch
em
ic
al
an
d
ph
ys
ic
al
co
ns
ti
tu
en
ts
bu
t
ea
ch
te
rm
ha
s
be
en
de
fi
ne
d
di
ff
er
en
tl
y
in
di
ff
er
en
t
do
cu
me
nt
s.
Th
e
on
ly
re
as
on
ab
ly
co
n—
si
st
en
t
di
ff
er
en
ce
is
th
at
th
e
te
rm
st
an
da
rd
im
pl
ie
s
st
at
ut
or
y,
le
ga
ll
y
en
fo
rc
ea
bl
e
li
mi
ts
wh
er
ea
s
th
e
ot
he
r
th
re
e
te
rm
s
do
no
t.
Th
e
di
ff
er
en
ce
s
in
me
an
in
g
be
tw
ee
n
cr
it
er
ia
,
ob
je
ct
iv
es
,
an
d
gu
id
el
in
es
ar
e
so
sl
ig
ht
th
at
th
e
te
rm
s
ca
n
be
us
ed
in
te
rc
ha
ng
ea
bl
y.
Th
e
te
rm
ob
je
ct
iv
e
me
an
s
de
si
ra
bl
e
le
ve
ls
of
wa
te
r
qu
al
it
y
to
be
at
ta
in
ed
in
ei
th
er
sh
or
t
or
lo
ng
te
rm
wa
te
r
re
so
ur
ce
ma
na
ge
me
nt
pr
og
ra
ms
fo
r
sp
ec
if
ic
wa
te
r
bo
di
es
.
Th
e
te
rm
cr
it
er
ia
us
ua
ll
y
re
fe
rs
to
ev
al
ua
te
d
sc
ie
nt
if
ic
da
ta
an
d
th
e
te
rm
gu
id
el
in
es
is
us
ua
ll
y
re
co
m-
me
nd
at
io
ns
fo
r
ch
ar
ac
te
ri
st
ic
s
of
wa
te
r
fo
r
sp
ec
if
ic
us
es
.
Fo
r
th
e
pu
rp
os
e
of
th
is
re
po
rt
th
e
te
rm
st
an
da
rd
me
an
s
le
ga
ll
y
en
fo
rc
ea
bl
e
wa
te
r
qu
al
it
y
li
mi
ta
ti
on
s.
Cr
it
er
ia
an
d
gu
id
eZ
in
es
ma
y
be
in
fe
rr
ed
to
me
an
ob
je
ct
iv
es
.
C
L
A
S
S
I
F
I
C
A
T
I
O
N
OF
WA
TE
R
Th
e
Re
fe
re
nc
e
Gr
ou
p
cl
as
si
fi
ed
wa
te
r
as
no
nd
eg
ra
de
d,
de
gr
ad
ed
,
or
po
ll
ut
ed
.
No
nd
eg
ra
de
d
wa
te
r
is
hi
gh
qu
al
it
y
wa
te
r
th
at
do
es
no
t
Sh
ow
si
gn
if
ic
an
t
an
th
ro
—
po
ge
ni
c
ef
fe
ct
s.
De
gr
ad
ed
wa
te
r
sh
ow
s
th
e
ef
fe
ct
s
of
cu
lt
ur
al
ac
ti
vi
ty
th
at
re
Su
lt
in
oc
ca
si
on
al
vi
ol
at
io
ns
of
ob
je
ct
iv
es
.
Po
ll
ut
ed
wa
te
r
sh
ow
s
fr
eq
ue
nt
or
se
ve
re
vi
ol
at
io
ns
of
wa
te
r
qu
al
it
y
fo
r
wh
ic
h
re
me
di
al
ac
ti
on
s
ar
e
re
qu
ir
ed
.
C
L
A
S
S
I
F
I
C
A
T
I
O
N
OF
PR
OB
LE
MS
Th
e
Re
fe
re
nc
e
Gr
ou
p
cl
as
si
fi
ed
pr
ob
le
ms
as
lo
ca
l
or
wh
ol
e
la
ke
.
Fo
r
a
lo
ca
l
pr
ob
le
m,
th
e
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
af
fe
ct
s
on
ly
a
sp
ec
if
ic
ge
o—
gr
ap
hi
c
ar
ea
,
su
ch
as
a
ha
rb
ou
r,
em
ba
ym
en
t,
or
a
ri
ve
r
mo
ut
h.
Fo
r
a
wh
ol
e-
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 l
a
k
e
p
r
o
b
l
e
m
,
t
h
e
w
a
t
e
r
q
u
a
l
i
t
y
d
e
g
r
a
d
a
t
i
o
n
i
s
n
o
t
r
e
a
d
i
l
y
a
t
t
r
i
b
u
t
a
b
l
e
t
o
s
p
e
c
i
f
i
c
o
r
c
o
n
t
r
o
l
l
a
b
l
e
s
o
u
r
c
e
s
b
u
t
i
s
f
o
u
n
d
t
h
r
o
u
g
h
o
u
t
t
h
e
w
a
t
e
r
b
o
d
y
,
s
u
c
h
a
s
D
D
T
o
r
P
C
B
'
S
.
I
N
T
E
R
N
A
T
I
O
N
A
L
A
S
P
E
C
T
S
O
F
G
R
E
A
T
L
A
K
E
S
W
A
T
E
R
Q
U
A
L
I
T
Y
M
A
N
A
G
E
M
E
N
T
I
n
t
e
r
n
a
t
i
o
n
a
l
a
s
p
e
c
t
s
o
f
m
a
n
a
g
e
m
e
n
t
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
c
o
n
t
r
o
l
l
e
d
b
y
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
,
w
h
i
c
h
w
a
s
c
r
e
a
t
e
d
b
y
,
a
n
d
o
p
e
r
a
t
e
s
u
n
d
e
r
t
h
e
B
o
u
n
d
a
r
y
W
a
t
e
r
s
T
r
e
a
t
y
o
f
1
9
0
9
(
1
)
.
G
r
e
a
t
B
r
i
t
a
i
n
,
a
c
t
i
n
g
o
n
b
e
h
a
l
f
o
f
C
a
n
a
d
a
,
a
n
d
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
e
n
t
e
r
e
d
i
n
t
o
th
e
B
o
u
n
d
a
r
y
W
a
t
e
r
s
T
r
e
a
t
y
"
to
p
r
e
v
e
n
t
d
i
s
p
u
t
e
s
r
e
g
a
r
d
i
n
g
t
h
e
us
e
of
b
o
u
n
d
a
r
y
w
a
t
e
r
s
a
n
d
to
s
e
t
t
l
e
a
l
l
q
u
e
s
t
i
o
n
s
w
h
i
c
h
a
r
e
n
o
w
p
e
n
d
i
n
g
b
e
t
w
e
e
n
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
a
n
d
t
h
e
D
o
m
i
n
i
o
n
of
C
a
n
a
d
a
i
n
v
o
l
v
i
n
g
th
e
r
i
g
h
t
s
,
o
b
l
i
g
a
t
i
o
n
s
or
i
n
t
e
r
e
s
t
s
.
.
.
a
l
o
n
g
t
h
e
i
r
c
o
m
m
o
n
fr
on
ti
er
an
d
to
m
a
k
e
p
r
o
v
i
s
i
o
n
fo
r
th
e
a
d
j
us
t
m
e
n
t
an
d
s
e
t
t
l
e
m
e
n
t
of
al
l
su
ch
q
ue
s
t
i
o
n
s
as
m
a
y
h
e
r
e
a
f
t
e
r
ar
is
e.
"
J
u
r
i
s
d
i
c
t
i
o
n
ov
er
ca
se
s
i
n
v
o
l
v
i
n
g
a
n
y
u
s
e
o
r
o
b
s
t
r
u
c
t
i
o
n
or
d
i
v
e
r
s
i
o
n
of
t
h
e
w
a
t
e
r
s
w
a
s
g
i
v
e
n
to
t
h
e
Co
mm
is
si
on
.
T
h
e
C
o
m
m
i
s
s
i
o
n
is
a
ut
h
o
r
i
ze
d
to
i
n
q
ui
r
e
in
to
an
d
re
po
rt
w
i
t
h
a
p
p
r
o
p
r
i
a
t
e
r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
on
q
ue
s
t
i
o
n
s
or
m
a
t
t
e
r
s
a
r
i
s
i
n
g
al
on
g
th
e
b
o
u
n
d
a
r
y
w
h
i
c
h
th
e
g
o
ve
r
n
m
e
n
t
s
re
fe
r
to
it
.
Th
e
C
o
m
m
i
s
s
i
o
n
is
c
o
m
p
o
s
e
d
of
3
U.
S.
an
d
3
Ca
na
di
an
co
mm
is
si
on
er
s,
ap
po
in
te
d
by
th
e
Pr
es
id
en
t
of
th
e
U.
S.
an
d
by
th
e
Ca
na
di
an
Pr
iv
y
Co
un
ci
l,
re
sp
ec
ti
ve
ly
.
Th
e
Co
mm
is
si
on
ha
s
in
qu
ir
ed
in
to
a
nu
mb
er
of
po
ll
ut
io
n
qu
es
ti
on
s
re
fe
rr
ed
to
it
by
th
e
go
ve
rn
me
nt
s.
Co
nt
in
ue
d
po
pu
la
ti
on
an
d
in
du
st
ri
al
gr
ow
th
an
d
co
nc
ur
re
nt
wa
te
r
qu
al
it
y
de
gr
ad
at
io
n
le
d
to
th
e
19
64
re
fe
re
nc
e
to
st
ud
y
po
ll
ut
io
n
pr
ob
le
ms
on
La
ke
Er
ie
,
La
ke
On
ta
ri
o,
an
d
th
e
in
te
rn
at
io
na
l
po
rt
io
n
of
th
e
St
.
La
wr
en
ce
Ri
ve
r.
Th
e
19
69
re
po
rt
by
th
e
In
te
rn
at
io
na
l
La
ke
Er
ie
Wa
te
r
Po
ll
ut
io
n
Bo
ar
d
an
d
th
e
In
te
rn
at
io
na
l
La
ke
On
ta
ri
o—
St
.
La
wr
en
ce
Ri
ve
r
Wa
te
r
Po
ll
ut
io
n
Bo
ar
d,
kn
ow
n
as
th
e
Lo
we
r
La
ke
s
Re
po
rt
(2
),
le
d
to
th
e
Co
m—
mi
ss
io
n
re
co
mm
en
di
ng
(3
)
to
th
e
fe
de
ra
l
go
ve
rn
me
nt
s
th
at
th
e
U.
S.
an
d
Ca
na
da
ag
re
e
on
ad
op
ti
on
of
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
;
pr
og
ra
ms
fo
r
re
du
ct
io
n
of
ph
os
ph
or
us
di
sc
ha
rg
es
;
co
nt
ro
ls
an
d/
or
co
mp
at
ib
le
re
gu
la
ti
on
s
on
dr
ed
gi
ng
,
so
li
d
wa
st
e
di
sp
os
al
,
oi
ly
,
ha
za
rd
ou
s,
or
to
xi
c
ma
te
ri
al
s,
an
d
sh
ip
pi
ng
wa
st
es
.
Th
e
Co
mm
is
si
on
fu
rt
he
r
re
co
mm
en
de
d
th
at
it
be
sp
ec
if
ic
al
ly
au
th
or
iz
ed
to
co
or
di
na
te
,
ev
al
ua
te
,
an
d
ve
ri
fy
th
e
re
me
di
al
pr
og
ra
ms
an
d
th
ei
r
re
su
lt
s.
In
re
sp
on
se
,
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
(4
)
wa
s
si
gn
ed
by
th
e
Pr
es
id
en
t
of
th
e
Un
it
ed
St
at
es
an
d
th
e
Pr
im
e
Mi
ni
st
er
of
Ca
na
da
on
Ap
ri
l
15
,
19
72
.
Th
e
Ag
re
em
en
t
es
ta
bl
is
he
d
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
,
a
ti
me
ta
bl
e
fo
r
re
du
ct
io
n
of
ph
os
ph
or
us
lo
ad
in
gs
,
an
d
a
no
nd
eg
ra
da
ti
on
ph
il
os
op
hy
.
It
pr
ov
id
ed
fo
r
jo
in
t
in
st
it
ut
io
ns
an
d
co
mm
it
te
d
bo
th
co
un
tr
ie
s
to
de
ve
lo
p
co
m—
pa
ti
bl
e
re
gu
la
ti
on
s
fo
r
ve
ss
el
de
si
gn
,
co
ns
tr
uc
ti
on
,
an
d
op
er
at
io
n
to
pr
ev
en
t
di
sc
ha
rg
e
of
ha
rm
fu
l
qu
an
ti
ti
es
of
oi
l
an
d
ha
za
rd
ou
s
po
ll
ut
in
g
su
bs
ta
nc
es
an
d
fo
r
co
nt
ro
l
of
di
sc
ha
rg
es
of
ot
he
r
ve
ss
el
wa
st
es
.
Th
e
Ag
re
em
en
t
al
so
re
qu
ir
es
mo
ni
to
ri
ng
an
d
ex
ch
an
ge
of
in
fo
rm
at
io
n
in
ac
co
rd
an
ce
wi
th
pr
oc
ed
ur
es
es
ta
bl
is
he
d
by
th
e
Co
mm
is
si
on
in
co
ns
ul
ta
ti
on
wi
th
th
e
fe
de
ra
l,
st
at
e,
an
d
pr
ov
in
ci
al
governments.
Th
e
Ag
re
em
en
t
co
nt
ai
ne
d
tw
o
re
fe
re
nc
es
to
th
e
Co
mm
is
si
on
,
on
e
of
wh
ic
h
le
d
to
th
e
es
ta
bl
is
hm
en
t
of
th
e
Up
pe
r
La
ke
s
Re
fe
re
nc
e
Gr
ou
p.
Th
is
gr
ou
p
is
ma
de
up
of
of
fi
ci
al
s
fr
om
th
e
ag
en
ci
es
or
in
st
it
ut
io
ns
ha
vi
ng
ex
pe
rt
is
e
an
d
re
sp
on
si
bi
li
ti
es
re
le
va
nt
to
th
e
te
rm
s
of
th
e
re
fe
re
nc
e
st
ud
y.
Th
e
co
mp
os
i—
32
—
—
—
—
-
—
—
I
-
tio
n,
st
ud
y
pl
an
,
an
d
or
ga
ni
za
ti
on
of
the
Re
fe
re
nc
e
Gr
ou
p
ar
e
su
mm
ar
iz
ed
in
Cha
pte
r
2 o
f
Vol
ume
1;
det
ail
s
are
giv
en
in
the
Ref
ere
nce
Gro
up'
s
stu
dy
pla
n
(5L
LE
GI
SL
AT
IV
E
BA
SE
FO
R
MA
NA
GI
NG
TH
E
UP
PE
R
LA
KE
S
BA
SI
N
U.S. FEDERAL
MAJOR LEGISLATION AND SALIENT FEATURES
Public Law 92—500
Th
e
le
gi
sl
at
iv
e
fo
un
da
ti
on
for
wa
te
r
qu
al
it
y
ma
na
ge
me
nt
in
th
e
Un
it
ed
St
at
es
is
Pu
bl
ic
La
w
92
—5
00
,
th
e
Fe
de
ra
l
Wa
te
r
Po
ll
ut
io
n
Ac
t
Am
en
dm
en
ts
of
19
72
.
Ma
jo
r
pr
og
ra
ms
un
de
r
th
is
Ac
t
ar
e
th
e
ch
ie
f
me
ch
an
is
ms
fo
r
me
et
in
g
th
e
go
al
s
of
th
e
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t.
Un
de
r
th
e
Ac
t
th
e
in
di
vi
du
al
st
at
es
ha
ve
th
e
pr
im
ar
y
re
sp
on
si
bi
li
ty
fo
r
wa
te
r
qu
al
it
y
co
nt
ro
l,
wi
th
th
e
fe
de
ra
l
go
ve
rn
me
nt
in
a
su
pp
or
ti
ng
ro
le
bu
t
ab
le
to
ta
ke
ac
ti
on
in
in
te
rs
ta
te
or
in
te
rn
at
io
na
l
pr
ob
le
ms
or
wh
en
th
e
st
at
e
is unable to act.
Th
e
Ac
t
pr
ov
id
es
fe
de
ra
l
fu
nd
in
g
fo
r
co
ns
tr
uc
ti
on
of
mu
ni
ci
pa
l
se
wa
ge
tr
ea
tm
en
t
fa
ci
li
ti
es
,
an
d
pr
ov
id
es
fo
r
an
d
re
qu
ir
es
a
hi
gh
er
le
ve
l
of
wa
te
r
qu
al
it
y
ma
na
ge
me
ntp
la
nn
in
g
an
d
pu
bl
ic
pa
rt
ic
ip
at
io
n
in
pl
an
ni
ng
.
Fu
rt
he
r,
it
cr
ea
te
d
a
re
gu
la
to
ry
me
ch
an
is
m
re
qu
ir
in
g
un
if
or
m
te
ch
no
lo
gy
-b
as
ed
ef
fl
ue
nt
li
mi
ta
ti
on
s,
an
d
a
na
ti
on
al
pe
rm
it
sy
st
em
fo
r
al
l
po
in
t
so
ur
ce
di
sc
ha
rg
es
.
Th
e
ob
je
ct
iv
e
of
th
e
Ac
t
is
to
"r
es
to
re
an
d
ma
in
ta
in
th
e
ch
em
ic
al
,
ph
ys
ic
al
an
d
bi
ol
og
ic
al
in
te
gr
it
y
of
th
e
Na
ti
on
's
wa
te
rs
."
Tw
o
mi
le
po
st
s
specified are:
(1
)
To
re
ac
h,
"w
he
re
ve
r
at
ta
in
ab
le
",
a
wa
te
r
qu
al
it
y
th
at
"p
ro
vi
de
s
fo
r
th
e
pr
ot
ec
ti
on
an
d
pr
op
ag
at
io
n
of
fi
sh
,
sh
el
lf
is
h,
an
d
wi
ld
li
fe
"
an
d
"f
or
re
cr
ea
ti
on
in
an
d
on
th
e
wa
te
r”
by
Ju
ly
1,
19
83
.
(2
)
To
el
im
in
at
e
th
e
di
sc
ha
rg
e
of
po
ll
ut
an
ts
in
to
na
vi
ga
bl
e
wa
te
rs
by
1985.
Th
e
Ac
t
pr
ov
id
es
fo
r
ac
hi
ev
in
g
it
s
go
al
s
in
ph
as
es
wi
th
ac
co
mp
an
yi
ng
re
qu
ir
em
en
ts
an
d
de
ad
li
ne
s.
It
al
so
re
qu
ir
es
th
at
wa
te
r
qu
al
it
y
be
mo
ni
to
re
d
an
d
th
at
an
nu
al
re
po
rt
s
be
ma
de
to
Co
ng
re
ss
.
Se
ct
io
n
10
8
of
th
e
Ac
t
pr
ov
id
es
fo
r
a
sp
ec
ia
l
pr
og
ra
m
to
"d
ev
el
op
ne
w
me
th
od
s
an
d
te
ch
ni
qu
es
.
.
fo
r
th
e
el
im
in
at
io
n
or
co
nt
ro
l
of
po
ll
ut
io
n
wi
th
in
al
l
or
an
y
pa
rt
of
th
e
wa
te
rs
he
ds
of
th
e
Gr
ea
t
La
ke
s.
"
It
fu
rt
he
r
pr
ov
id
es
th
at
"s
uc
h
pr
og
ra
m
sh
ou
ld
in
cl
ud
e
me
as
ur
es
to
co
nt
ro
l
po
in
t
so
ur
ce
s
of
po
ll
ut
io
n;
ar
ea
so
ur
ce
s
of
po
ll
ut
io
n,
in
cl
ud
in
g
ac
id
mi
ne
dr
ai
na
ge
,
ur
ba
n
ru
no
ff
,
an
d
ru
ra
l
ru
no
ff
;
an
d
in
—p
la
ce
s
o
ur
c
e
s
of
po
ll
ut
io
n,
in
cl
ud
in
g
b
o
t
t
o
m
lo
ad
s,
sl
ud
ge
ba
nk
s,
an
d
p
o
l
l
u
t
e
d
harbor dredgings.”
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 T
h
e
c
o
m
p
r
e
h
e
n
s
i
v
e
r
e
q
u
i
r
e
m
e
n
t
s
o
f
P
L
9
2
—
5
0
0
h
a
v
e
r
e
s
u
l
t
e
d
i
n
g
r
e
a
t
e
r
v
c
o
m
p
a
t
i
b
i
l
i
t
y
i
n
s
t
a
t
e
l
e
g
i
s
l
a
t
i
o
n
.
A
l
l
o
f
t
h
e
s
t
a
t
e
s
p
a
r
t
i
c
i
p
a
t
e
i
n
t
h
e
r
c
o
n
s
t
r
u
c
t
i
o
n
g
r
a
n
t
s
p
r
o
g
r
a
m
,
a
l
l
s
t
a
t
e
s
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
e
x
c
e
p
t
I
l
l
i
n
o
i
s
a
n
d
P
e
n
n
s
y
l
v
a
n
i
a
h
a
v
e
p
e
r
m
i
t
—
i
s
s
u
i
n
g
a
u
t
h
o
r
i
t
y
u
n
d
e
r
t
h
e
N
a
t
i
o
n
a
l
,
P
o
l
l
u
t
a
n
t
D
i
s
c
h
a
r
g
e
E
l
i
m
i
n
a
t
i
o
n
S
y
s
t
e
m
(
N
P
D
E
S
)
p
r
o
g
r
a
m
,
a
l
l
s
t
a
t
e
s
h
a
v
e
e
m
e
r
g
e
n
c
y
r
e
s
p
o
n
s
e
p
r
o
g
r
a
m
s
,
a
n
d
a
l
l
s
t
a
t
e
s
m
u
s
t
r
e
p
o
r
t
o
n
w
a
t
e
r
q
u
a
l
i
t
y
e
a
c
h
year.
Other Acts
O
t
h
e
r
A
c
t
s
w
h
i
c
h
e
f
f
e
c
t
m
a
n
a
g
e
m
e
n
t
o
f
t
h
e
U
p
p
e
r
L
a
k
e
s
i
n
c
l
u
d
e
:
(1
)
T
h
e
C
o
a
s
t
a
l
Z
o
n
e
M
a
n
a
g
e
m
e
n
t
Ac
t,
w
h
i
c
h
e
n
c
o
u
r
a
g
e
s
th
e
a
d
o
p
t
i
o
n
of
co
mp
re
he
ns
iv
e
co
as
ta
l
zo
ne
ma
na
ge
me
nt
pl
an
s.
(2
)
T
h
e
N
a
t
i
o
n
a
l
E
n
v
i
r
o
n
m
e
n
t
a
l
P
o
l
i
c
y
Ac
t
(N
EP
A)
,
w
h
i
c
h
r
e
q
ui
r
e
s
g
o
ve
r
n
—
m
e
n
t
a
l
ag
en
ci
es
to
w
e
i
g
h
e
n
vi
r
o
n
m
e
n
t
a
l
c
o
n
s
i
d
e
r
a
t
i
o
n
s
in
th
ei
r
d
e
c
i
s
i
o
n
ma
ki
ng
.
N
E
P
A
ha
s
s
e
r
ve
d
as
a
m
o
d
e
l
fo
r
s
i
m
i
l
a
r
l
e
g
i
s
l
a
t
i
o
n
at the state level.
(3
)
T
h
e
W
a
t
e
r
R
e
s
o
u
r
c
e
s
P
l
a
n
n
i
n
g
A
c
t
e
s
t
a
b
l
i
s
h
e
d
t
h
e
W
a
t
e
r
R
e
s
o
u
r
c
e
s
Co
un
ci
l
wh
ic
h
pr
ov
id
es
fo
r
th
e
op
ti
mu
m
de
ve
lo
pm
en
t
of
na
tu
ra
l
re
so
ur
ce
s
th
ro
ug
h
co
or
di
na
te
d
pl
an
ni
ng
of
wa
te
r
an
d
re
la
te
d
la
nd
resources.
(4
)
Th
e
Cl
ea
n
Ai
r
Ac
t,
wh
ic
h
re
qu
ir
es
th
e
mo
ni
to
ri
ng
an
d
re
du
ct
io
n
of
atmospheric pollution.
(5
)
Th
e
Fe
de
ra
l
In
se
ct
ic
id
e,
Fu
ng
ic
id
e
an
d
Ro
de
nt
ic
id
e
Ac
t
re
st
ri
ct
s
us
e
of
pe
st
ic
id
es
an
d
re
qu
ir
es
th
or
ou
gh
te
st
in
g
of
ne
w
pe
st
ic
id
es
fo
r
en
vi
ro
nm
en
ta
l
an
d
hu
ma
n
he
al
th
ef
fe
ct
s
be
fo
re
th
ey
ma
y
be
us
ed
.
MA
JO
R
AG
EN
CI
ES
,
TH
EI
R
FU
NC
TI
ON
S
AN
D
IN
TE
RR
EL
AT
IO
NS
HI
PS
Th
e
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
(E
PA
)
is
th
e
pr
im
ar
y
fe
de
ra
l
ag
en
cy
re
sp
on
si
bl
e
fo
r
th
e
im
pl
em
en
ta
ti
on
of
th
e
Fe
de
ra
l
Wa
te
r
Po
ll
ut
io
n
Co
nt
ro
l
Ac
t,
th
e
Na
ti
on
al
En
vi
ro
nm
en
ta
l
Po
li
cy
Ac
t
(N
EP
A)
,
th
e
Cl
ea
n
Ai
r
Ac
t,
an
d
th
e
Fe
de
ra
l
In
se
ct
ic
id
e,
Fu
ng
ic
id
e
an
d
Ro
de
nt
ic
id
e
Ac
t
(F
IF
RA
).
Th
e
U.
S.
EP
A
is
al
so
th
e
le
ad
U.
S.
ag
en
cy
in
th
e
im
pl
em
en
ta
ti
on
of
th
e
Gr
ea
t
La
ke
s
Water Quality Agreement.
Th
e
U.
S.
EP
A
ad
mi
ni
st
er
s
th
e
mu
ni
ci
pa
l
co
ns
tr
uc
ti
on
gr
an
ts
pr
og
ra
m,
is
su
es
NP
DE
S
pe
rm
it
s
wh
er
e
st
at
es
ha
ve
no
t
be
en
gr
an
te
d
pe
rm
it
au
th
or
it
y,
pu
bl
is
he
s
gu
id
el
in
es
an
d
st
an
da
rd
s
on
le
ve
ls
of
tr
ea
tm
en
t,
ta
ke
s
di
re
ct
en
fo
rc
em
en
t
ac
ti
on
on
in
te
rs
ta
te
or
in
te
rn
at
io
na
l
pr
ob
le
ms
,
re
vi
ew
s
en
vi
ro
n—
me
nt
al
im
pa
ct
st
at
em
en
ts
re
qu
ir
ed
un
de
r
NE
PA
,
an
d
ad
mi
ni
st
er
s
th
e
Cl
ea
n
Ai
r
Act and FIFRA.
Th
e
Na
ti
on
al
Oc
ea
ni
c
an
d
At
mo
sp
he
ri
c
Ad
mi
ni
st
ra
ti
on
co
nd
uc
ts
re
se
ar
ch
on
th
e
ph
ys
ic
al
pr
op
er
ti
es
of
th
e
Gr
ea
t
La
ke
s
an
d
pr
ov
id
es
ma
pp
in
g
an
d
we
at
he
r
services.
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T
h
e
U
.
S
.
A
r
m
y
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
m
a
i
n
t
a
i
n
s
f
e
d
e
r
a
l
n
a
v
i
g
a
t
i
o
n
c
h
a
n
n
e
l
s
a
n
d
o
p
e
r
a
t
e
s
t
h
e
l
o
c
k
s
a
t
S
a
u
l
t
Ste.
M
a
r
i
e
.
T
h
e
U
.
S
.
C
o
a
s
t
G
u
a
r
d
i
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
m
a
r
i
n
e
s
a
f
e
t
y
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
e
n
f
o
r
c
e
s
o
i
l
s
p
i
l
l
a
n
d
v
e
s
s
e
l
d
i
s
c
h
a
r
g
e
r
e
g
u
l
a
t
i
o
n
s
.
IMPLEMENTATION
PROGRAMS
P
L
9
2
-
5
0
0
p
r
o
v
i
d
e
s
f
e
d
e
r
a
l
f
u
n
d
s
f
o
r
7
5
%
o
f
t
h
e
e
l
i
g
i
b
l
e
c
o
n
s
t
r
u
c
t
i
o
n
c
o
s
t
s
o
f
m
u
n
i
c
i
p
a
l
s
e
w
a
g
e
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
a
n
d
i
n
t
e
r
c
e
p
t
o
r
s
e
w
e
r
s
.
T
h
e
g
r
a
n
t
s
s
y
s
t
e
m
a
l
s
o
c
o
v
e
r
s
t
h
e
c
o
s
t
o
f
p
l
a
n
n
i
n
g
a
n
d
d
e
s
i
g
n
o
f
m
u
n
i
c
i
p
a
l
f
a
c
i
-
l
i
t
i
e
s
.
S
o
m
e
s
t
a
t
e
s
s
u
p
p
l
e
m
e
n
t
f
e
d
e
r
a
l
f
u
n
d
i
n
g
t
h
r
o
u
g
h
s
t
a
t
e
g
r
a
n
t
s
.
S
t
a
t
e
a
n
d
f
e
d
e
r
a
l
f
u
n
d
s
o
b
l
i
g
a
t
e
d
b
e
t
w
e
e
n
1
9
7
1
a
n
d
1
9
7
5
t
o
t
a
l
2
.
5
6
b
i
l
l
i
o
n
d
o
l
l
a
r
s
~(6).
F
e
d
e
r
a
l
r
e
g
u
l
a
t
i
o
n
s
a
n
d
p
r
o
g
r
a
m
s
a
v
a
i
l
a
b
l
e
t
o
a
s
s
i
s
t
i
n
d
u
s
t
r
i
e
s
i
n
a
b
a
t
i
n
g
p
o
l
l
u
t
i
o
n
a
r
e
i
n
d
u
s
t
r
i
a
l
r
e
v
e
n
u
e
b
o
n
d
s
,
a
c
c
e
l
e
r
a
t
e
d
t
a
x
d
e
p
r
e
c
i
a
t
i
o
n
,
i
n
v
e
s
t
m
e
n
t
t
a
x
c
r
e
d
i
t
s
,
l
o
a
n
g
u
a
r
a
n
t
e
e
s
,
a
n
d
l
o
a
n
s
p
r
o
v
i
d
e
d
b
y
t
h
e
S
m
a
l
l
B
u
s
i
n
e
s
s
A
d
m
i
n
i
s
t
r
a
t
i
o
n
.
S
o
m
e
s
t
a
t
e
s
p
r
o
v
i
d
e
p
r
o
p
e
r
t
y
t
a
x
e
x
e
m
p
t
i
o
n
s
,
s
a
l
e
s
a
n
d
u
s
e
t
a
x
e
x
e
m
p
t
i
o
n
s
,
a
n
d
f
r
a
n
c
h
i
s
e
a
n
d
i
n
c
o
m
e
t
a
x
d
e
d
u
c
t
i
o
n
s
.
ENFORCEMENT MECHANISMS
T
h
e
p
r
i
n
c
i
p
a
l
m
e
a
n
s
of
e
n
f
o
r
c
e
m
e
n
t
of
b
o
t
h
m
u
n
i
c
i
p
a
l
a
n
d
i
n
d
u
s
t
r
i
a
l
t
r
e
a
t
m
e
n
t
r
e
q
u
i
r
e
m
e
n
t
s
is
t
h
e
N
P
D
E
S
p
r
o
g
r
a
m
.
T
h
i
s
s
y
s
t
e
m
r
e
q
u
i
r
e
s
t
h
a
t
a
l
l
i
n
d
u
s
t
r
i
e
s
a
n
d
m
u
n
i
c
i
p
a
l
i
t
i
e
s
a
p
p
l
y
f
o
r
a
d
i
s
c
h
a
r
g
e
p
e
r
m
i
t
.
T
h
e
U.S.
E
P
A
o
r
t
h
e
s
t
a
t
e
a
g
e
n
c
y
w
i
t
h
p
e
r
m
i
t
a
u
t
h
o
r
i
t
y
i
s
s
u
e
s
the
p
e
r
m
i
t
s
w
i
t
h
e
f
f
l
u
e
n
t
l
i
m
i
—
t
a
t
i
o
n
s
.
W
h
e
r
e
a
d
d
i
t
i
o
n
a
l
t
r
e
a
t
m
e
n
t
f
a
c
i
l
i
t
i
e
s
o
r
p
r
o
c
e
s
s
m
o
d
i
f
i
c
a
t
i
o
n
s
a
r
e
r
e
q
u
i
r
e
d
to
m
e
e
t
the
e
f
f
l
ue
n
t
limitations,
i
n
t
e
r
i
m
l
i
m
i
t
a
t
i
o
n
s
are
s
p
e
c
i
f
i
e
d
a
n
d
a
s
c
h
e
d
ul
e
for
c
o
n
s
t
r
uc
t
i
o
n
is
established.
D
i
s
c
h
a
r
g
e
r
s
are
r
e
q
ui
r
e
d
to
m
o
n
i
t
o
r
their
d
i
s
c
h
a
r
g
e
s
and
p
e
r
i
o
d
i
c
a
l
l
y
report
the
results.
V
i
o
l
a
t
i
o
n
s
of
e
f
f
l
ue
n
t
l
i
m
i
t
a
t
i
o
n
s
or
failure
to
m
e
e
t
c
o
n
s
t
r
uc
t
i
o
n
s
c
h
e
d
ul
e
s
result
in
e
n
f
o
r
c
e
m
e
n
t
a
c
t
i
o
n
s
w
h
i
c
h
i
n
c
l
ud
e
a
w
a
r
n
i
n
g
letter,
an
a
d
m
i
n
i
s
t
r
a
t
i
ve
order,
or
a
r
e
f
e
r
r
a
l
to
the
U.S.
A
t
t
o
r
n
e
y
or
to
the
State
A
t
t
o
r
n
e
y
G
e
n
e
r
a
l
asking
for
a
civil
penalty
or
criminal
prosecution.
Effluent
limitations
are
based
on
guidelines
published
by
the
U.S.
EPA
defining
best
practicable
control
technology
and
best
available
control
technology,
new
source
performance
standards,
and
pretreatment
regulations.
P
e
r
m
i
t
s
are
i
s
s
ue
d
for
a
m
a
x
i
m
u
m
of
five
ye
a
r
s
after
wh
i
c
h
they
must
be
renewed,
at
w
h
i
c
h
time
a
h
i
g
h
e
r
level
of
treatment
technology
m
a
y
be
required.
OTHER
FEDERAL
AGENCIES
The
following
is
a
list
of
other
U.S.
federal
agencies
that
are
involved
in
pollution
control
activities
within
their
area
of
responsibility:
(1)
T
h
e
D
e
p
a
r
t
m
e
n
t
of
A
g
r
i
c
u
l
t
u
r
e
has
two
of
its
agencies
w
i
t
h
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
:
the
Forest
Service
and
the
Soil
C
o
n
s
e
r
va
t
i
o
n
Service.
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(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
Othe
(l)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(ll)
(12)
(13)
o
n
e
o
f
i
t
s
a
g
e
n
c
i
e
s
i
n
v
o
l
v
e
d
i
n
t
h
e
N
a
t
i
o
n
a
l
O
c
e
a
n
i
c
a
n
d
A
t
m
o
s
p
h
e
r
i
c
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
C
o
m
m
e
r
c
e
h
a
s
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
a
c
t
i
v
i
t
i
e
s
:
A
d
m
i
n
i
s
t
r
a
t
i
o
n
.
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
H
e
a
l
t
h
E
d
u
c
a
t
i
o
n
a
n
d
W
e
l
f
a
r
e
h
a
s
t
h
r
e
e
o
f
i
t
s
a
g
e
n
c
i
e
s
w
i
t
h
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
:
t
h
e
F
o
o
d
a
n
d
D
r
u
g
A
d
m
i
n
i
s
t
r
a
t
i
o
n
,
t
h
e
N
a
t
i
o
n
a
l
I
n
s
t
i
t
u
t
e
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
H
e
a
l
t
h
S
c
i
e
n
c
e
s
,
a
n
d
t
h
e
P
u
b
l
i
c
H
e
a
l
t
h
S
e
r
v
i
c
e
.
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
H
o
u
s
i
n
g
a
n
d
U
r
b
a
n
D
e
v
e
l
o
p
m
e
n
t
h
a
s
s
o
m
e
r
e
s
p
o
n
-
s
i
b
i
l
i
t
i
e
s
i
n
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
.
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
I
n
t
e
r
i
o
r
h
a
s
e
i
g
h
t
o
f
i
t
s
a
g
e
n
c
i
e
s
i
n
v
o
l
v
e
d
i
n
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
a
c
t
i
v
i
t
i
e
s
:
t
h
e
B
u
r
e
a
u
o
f
M
i
n
e
s
,
t
h
e
B
u
r
e
a
u
o
f
O
u
t
d
o
o
r
R
e
c
r
e
a
t
i
o
n
,
t
h
e
B
u
r
e
a
u
o
f
R
e
c
l
a
m
a
t
i
o
n
,
t
h
e
N
a
t
i
o
n
a
l
P
a
r
k
S
e
r
v
i
c
e
,
t
h
e
O
f
f
i
c
e
o
f
L
a
n
d
U
s
e
a
n
d
W
a
t
e
r
P
l
a
n
n
i
n
g
,
t
h
e
O
f
f
i
c
e
o
f
W
a
t
e
r
R
e
s
e
a
r
c
h
a
n
d
T
e
c
h
n
o
l
o
g
y
,
t
h
e
F
i
s
h
a
n
d
W
i
l
d
l
i
f
e
S
e
r
v
i
c
e
,
a
n
d
t
h
e
G
e
o
l
o
g
i
c
a
l
S
u
r
v
e
y
.
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
S
t
a
t
e
h
a
s
o
n
e
o
f
i
t
s
a
g
e
n
c
i
e
s
w
i
t
h
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
:
t
h
e
O
f
f
i
c
e
o
f
O
c
e
a
n
s
a
n
d
I
n
t
e
r
n
a
t
i
o
n
a
l
E
n
v
i
r
o
n
m
e
n
t
a
l
a
n
d
S
c
i
e
n
t
i
f
i
c
A
f
f
a
i
r
s
.
t
h
e
A
r
m
y
h
a
s
o
n
e
o
f
i
t
s
a
g
e
n
c
i
e
s
i
n
v
o
l
v
e
d
i
n
t
h
e
A
r
m
y
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
.
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
:
t
w
o
o
f
i
t
s
a
g
e
n
c
i
e
s
w
i
t
h
t
h
e
C
o
a
s
t
G
u
a
r
d
a
n
d
t
h
e
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
T
r
a
n
s
p
o
r
t
a
t
i
o
n
h
a
s
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
r
e
s
p
o
n
s
i
b
i
l
i
t
i
e
s
:
F
e
d
e
r
a
l
H
i
g
h
w
a
y
A
d
m
i
n
i
s
t
r
a
t
i
o
n
.
T
h
e
D
e
p
a
r
t
m
e
n
t
o
f
t
h
e
T
r
e
a
S
u
r
y
h
a
s
o
n
e
o
f
i
t
s
a
g
e
n
c
i
e
s
i
n
v
o
l
v
e
d
i
n
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
:
t
h
e
C
u
s
t
o
m
s
S
e
r
v
i
c
e
.
r
f
e
d
e
r
a
l
a
g
e
n
c
i
e
s
o
r
o
r
g
a
n
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MICHIGAN
MAJOR LEGISLATION AND SALIENT FEATURES
The passage of PL 92—500 has greatly altered the legislative base upon
which waterpollution control in Michigan is conducted. In general, water
pollution control has become a joint federal—state program rather than purely
a state program. Important Michigan statutes are listed below.
By creating the Water Resources Commission and outlining its main statu-
tory responsibilities, Act No. 245 (Public Acts of 1929) is the most important
state statute relating to the functions of the Commission. Under its pro—
visions, the Commission is directed to: control the pollution of any surface
or underground waters of the state and the Great Lakes; control alterations
to watercourses of all rivers and streams; establish pollution standards for
all waters of the state; examine and certify operators of industrial waste
treatment facilities discharging wastes into the waters of the state; issue
permits for all dischargers to the waters of the state; require the registra—
tion of all manufactured products, production materials, and waste products
where certain wastes are discharged; and assess an annual surveillance fee to
waste dischargers.
In addition to these statutory requirements, the Commission is authorized
to issue permits which include performance timetables requiring remedial and
preventive measures to control pollution, seekcourt enforcement of its
permits, cooperate and negotiate with other governments and governmental
units, and coordinate with any act of the U.S. Congress.
Act No. 245 further provides and authorizes reasonable entry for inspection
purposes and monitoring, the promulgation of rules, penalty provisions and
appeals, and other procedures necessary for the Commission to carry out its
functions.
Act No. 329 (Public Acts of 1966) establishes a state water pollution
control fund to assist local governmental units in financing construction of
wastewater treatment works. Other provisions of the Act outline the require—
ments of an Official Plan and the formula by which priority is assigned to
treatment works projects.
The Soil Erosion and Sedimentation Control Act (Act No. 347, Public Acts
of 1972) authorizes the Water Resources Commission, in cooperation with the
Michigan Department of Agriculture, to implement a comprehensive statewide
soil erosion and sediment control program.
The Liquid Industrial Waste Haulers Act (Act No. 136, Public Acts of
1969) gives the Water Resources Commission the authority to license all
persons engaged in the business of removing liquid industrial wastes from the
premises of another, including the licensing of all vehicles used to tran—
sport the liquid industrial wastes.
The Watercraft Pollution Control Act (Act No. 167, Public Acts of 1970)
strengthened and expanded Michigan's watercraft pollution control program
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 which hadbeen in effect under Water Resources Commission administrative
rules. Effective January 1, 1971, all toilet—equipped watercraft moored or
operated on Michigan waters must be equipped with self-contained marine
toilets or incinerating devices to prevent all overboard discharge of sewage
wastes. In addition, the Act requires that all marinas capable of handling
15 or more watercraft be equipped withmarine toilet pump—out facilities.
The Cleaning Agents and Water Conditioners Act (Act No. 226, Public Acts
of 1971) limits the amount of elemental phosphorus which may be Contained in
a cleaning agent after July 1, 1972, to 8.7%. In addition, the Act authorizes
the Water Resources Commission to promulgate rules to further restrict the
nutrient content or other contents of cleaning agents and water conditioners
to prevent unlawful pollution.
Act. No. 98 (Public Acts of 1913) requires the certification of municipal
wastewater treatment plant operators and issuance of permits for construction
of municipal wastewater treatment facilities. Both collection and treatment
are covered by this legislation.
MAJOR AGENCIES, THEIR FUNCTIONS AND INTERRELATIONSHIPS
The agencies responsible for the protection of the Great Lakes environ-
ment in Michigan are the Michigan Department of Natural Resources (DNR) and
the Michigan Department of Public Health.
The Michigan DNR is the primary agency responsible for preserving,
protecting, and restoring the waters of the state for their designated uses.
This is done by establishing water quality standards for receiving waters,
issuing and enforcing NPDES and state wastewater discharge permits, and
monitoring both discharges and receiving waters.
Under the federal and State
assisted construction grants program, funds are available to municipalities
for the construction of waste treatment works.
The DNR is also responsible
for the preservation and propagation of fish and wildlife.
The Michigan Department of Public Health is responsible for the identi-
fication and control of human health problems.
This includes protecting the
quality of public water supplies and protecting against radioactivity in the
environment.
FEDERAL AND STATE RELATIONSHIPS
As pointed out above, the water pollution control program in Michigan
was primarily a state program before 1972.
Since the passage of PL 92-500,
the program has become a joint federal—state effort.
Much of the joint res-
.
ponsibility has been delegated to the state and is thus handled in a similar
‘
manner as before.
Nevertheless, the federal role has been considerably
expanded.
Details of the federal—state relationship in various functions are
outlined in the state program plan which is submitted each year to qualify
for federal grant funds.
The more important relationships are discussed
below.
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IMPLEMENTATION PROGRAMS
Three
main
activities
are
involved
in
controlling
water
pollution:
standards,
enforcement,
and
monitoring.
These
three
activities
must
be
properly
integrated
to
achieve
high
quality
waters.
Standards
for
receiving
waters
are
set
by
the
state.
They
essentially
define
what
is
unacceptable
pollution.
Without
this
type
of
definition,
"pollution"
is
a
very
nebulous
term.
Effluent
guidelines
are
set
by
the
U.S.
EPA.
They
are
basically
effluent
standards
to
be
met,
unless
they
cause
receiving
water
standards
to
be
violated.
In
that
case
more
restrictive
effluent
limitations
are
established.
Enforcement
includes
the
issuing
of
wastewater
discharge
permits
and
ensuring
that
they
are
complied
with.
The
discharge
limitations
contained
within
the
permits
are
based
on
the
standards.
The
permits
also
contain
schedules
of
compliance
which
set
forth
the
steps
needed
to
meet
standards
if
they
cannot
be
met
at
present.
The
monitoring
activity
includes
studies
of
both
effluents
and
receiving
water
quality.
It
includes
studies
of
water,
sediments,
the
fish
and
other
biological
organisms
in
the
water,
and
in
some
cases
the
atmosphere.
Moni-
toring
supports
both
the
standards
and
enforcement
activities.
A
fourth
activity,
the
municipal
construction
grant
program,
has
become
very
important
in
Michigan's
water
pollution
control
effort.
To
assist
com-
munities
in
planning
and
constructing
wastewater
treatment
facilities,
cons—
truction
grant
monies
are
available
from
the
federal
government
and
the
state.
Municipalities
may
apply
for
federal
grants
to
cover
75%
of
the
eligible
cost
and
state
grants
for
20%
of
the
eligible
costs.
The
Michigan
DNR
and
the
U.S.
EPA
jointly
administer
this
program.
ENFORCEMENT MECHANISMS
Effluent
from
treatment
facilities
is
monitored
periodically
by
the
Michigan
DNR.
In
addition,
dischargers
are
required
by
NPDES
permits
to
conduct
regular
self—monitoring.
Any
discharge
of
pollutants
above
the
amount
specified
in
the
NPDES
permit
or
any
violation
of
the
compliance
schedule
subjects
the
discharger
to
possible
enforcement
action.
This
action
consists
of
one
or
a
combination
of
several
enforcement
remedies,
depending
on
the
situation.
These
include
enforcement
letters,
notices
of
non—com—
pliance,
notices
of
violation,
appearances
before
the
Michigan
Water
Resources
Commission,
Water
Resources
Commission
Orders,
and,
as
a
final
action,
liti-
gation
against
the
discharger.
Litigation
may
be
used
to
recover
civil
penalties
of
up
to $10,000
a
day
or
criminal
penalties
of
up
to $50,000
per
day.
These
same
types
of
enforcement
actions
can
be
taken
against
a
non—
permitted
discharge
such
as
an
oil
spill.
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CANADA FEDERAL
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ES
Un
de
r
th
e
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it
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h
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h
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a
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t
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ra
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at
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ov
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,
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so
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d
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ak
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.
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d
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e
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te
r
re
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ur
ce
.
Of
th
es
e,
si
x
fe
de
ra
l
ac
ts
ar
e
pe
rh
ap
s
th
e
on
es
mo
st
us
ed
in
ma
na
gi
ng
th
e
wa
te
r
re
so
ur
ce
s
of
th
e
Gr
ea
t
La
ke
s
sys
te
m:
Ca
na
da
Wa
te
r
Act
,
Th
e
Fi
sh
er
ie
s
Act
,
Th
e
Ca
na
da
Sh
ip
pi
ng
Ac
t,
Th
e
Na
vi
ga
bl
e
Wa
te
rs
Pr
ot
ec
ti
on
Ac
t,
Th
e
En
vi
ro
nm
en
ta
l
Co
nt
am
in
an
ts
Ac
t,
and The National Housing Act.
Th
e
Ca
na
da
Wa
te
r
Ac
t
pr
ov
id
es
fo
r
th
e
ma
na
ge
me
nt
of
Ca
na
da
's
wa
te
r
re
so
ur
ce
th
ro
ug
h
re
se
ar
ch
,
pl
an
ni
ng
,
an
d
im
pl
em
en
ta
ti
on
ta
ki
ng
in
to
co
ns
id
er
—
ati
on
suc
h
fac
tor
s a
s
con
ser
vat
ion
,
man
—ma
de
dev
elo
pme
nts
,
and
wat
er
uti
li—
zat
ion
.
The
Act
cov
ers
thr
ee
gen
era
l
are
as
in
wat
er
res
our
ce
man
age
men
t:
the
sup
ply
and
dem
and
of
wat
er,
wat
er
qua
lit
y
man
age
men
t
in
cri
tic
all
y
pol
lut
ed
are
as,
and
com
pre
hen
siv
e w
ate
r
res
our
ce
man
age
men
t p
rog
ram
s.
The
Act
con
tai
ns
mec
han
ism
s
for
set
tin
g
up
for
mal
agr
eem
ent
s w
ith
the
pro
vin
ces
for
the
pur
pos
e
of
car
ryi
ng
out
joi
nt
coo
per
ati
ve
stu
die
s a
s a
nd
whe
n r
equ
ire
d.
The
Can
ada
Wat
er
Act
con
tai
ns
pro
vis
ion
s
for
est
abl
ish
ing
wat
er
qua
lit
y
obj
ect
ive
s,
use
rs
fee
s,
was
te
dis
cha
rge
fee
s,
and
hea
vy
fin
es
for
pol
lut
ers
.
Und
er
the
Act
, t
he
pho
sph
oru
s
con
ten
t i
n c
omm
erc
ial
cle
ans
ing
age
nts
and
det
erg
ent
s h
as
bee
n r
edu
ced
by
reg
ula
tio
n t
o 2
.2%
of
the
pro
duc
t w
ith
fur
the
r r
edu
cti
ons
to
take place in future months.
The
Fis
her
ies
Act
and
its
ame
ndm
ent
s a
re
the
bas
is
for
fed
era
l i
nvo
lve
—
ment
in p
ollu
tion
cont
rol
and
effl
uent
stan
dard
s.
The
Act
cont
ains
many
prov
isio
ns
such
as t
he i
nsta
llat
ion
of s
peci
al s
truc
ture
s i
n wa
terw
ays
to
fac
ili
tat
e t
he
mov
eme
nt
of
fis
h a
rou
nd
obs
tru
cti
ons
, w
ate
r i
nta
ke
scr
een
s,
and
pol
lut
ion
con
tro
l d
evi
ces
.
The
Fis
her
ies
Act
pro
hib
its
the
dis
cha
rge
of
subs
tanc
es
dele
teri
ous
to f
ish
or t
o ma
n's
use
of f
ish.
The
Act
cont
ains
regu
lati
ons
limi
ting
the
disc
harg
e of
spec
ific
poll
utan
ts a
nd p
rovi
des
for
the review of plans of new or modified pollution control works to ensure
compliance with these regulations.
The Canada Shipping Act, administered by the Department of Transport,
cover
s a w
ide
range
of sh
ippin
g re
quire
ments
and
conta
ins
regul
ation
s go
verni
ng
oil discharges from vessels. The Act provides for fines of up to $100,000
for pollution of Canadian waters by oil from vessels and ship owners are
required to post bonds of up to $14,000,000 for clean—up purposes in the
event of oil spills.
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 The
Navigable
Waters
Protection
Act,
also
administered
by
the
Department
of
Transport,
contains
a
number
of
provisions
concerning
disposal
of
solid
wastes
in
navigable
waters
which
may
hinder
navigation.
Regulations
pertaining
to
dredging,
dumping
of
dredge
spoils,
wharf
and
harbour
construction,
and
pipe
line
crossings
are
covered
in
this
Act.
The
Navigable
Waters
Protection
Act
also
considers
pollution
problems
and
provides
mechanisms
for
reviewing
construction
projects
to
determine
their
environmental
impact
on
the
water
resources.
The
Environmental
Contaminants
Act,
administered
by
the
Department
of
the
Environment,
was
proclaimed
in
1976
and
is
designed
to
regulate
the
introduction,
use,
distribution,
and
the
processing
of
materials
in
quan-
tities
greater
than
500
pounds
per
year.
Under
this
Act,
hazardous
chemicals
and
compounds
imported
into
Canada
or
developed
in
Canada
are
assessed
to
determine
their
potential
for
causing
environmental
damage
before
they
are
released
for
general
use.
The
assessment
process
is
carried
out
by
an
Envi-
ronmental
Contaminants
Board
of
Review
appointed
by
the
Department
of
the
Environment
and
the
Department
of
National
Health
and
Welfare.
The
Board
inquires
into
any
substance
which
may
cause
injury
to
human
health
or
the
environment.
The
National
Housing
Act,
administered
by
the
Central
Mortgage
and
Housing
Corporation
(CMHC),
provides
for
the
availability
of
federal
funds
for
municipal
sewage
works.
Recent
amendments
to
the
Act
have
eased
funding
for
certain
classes
of
projects,
particularly
in
small
communities.
CMHC
1
grants
are
now
available
to
regional
governments
and
municipalities
for
the
‘
development
of
long-range
comprehensive
regional
sewerage
collector
plans
and
until
April
1,
1980,
CMHC
loans
for
storm
trunk
sewers
will
also
be
avail—
able.
The
amendments
provide
for
the
use
of
new
technology
in
the
municipal
pollution
treatment
field
and
also
provide
for
the
requirement
of
a
CMHC—
provincial
agreement
for
the
funding
of
the
projects.
MAJOR
AGENCIES,
THEIR
FUNCTIONS
AND
INTERRELATIONSHIPS
Canada's
Department
of
the
Environment
is
the
most
heavily
involved
federal
department
engaged
in
studying,
surveying,
and
recommending
pollution
control
measures
in
the
Great
Lakes
system.
This
role
is
carried
out
largely
in
cooperation
with
other
federal
departments
and
provincial
agencies.
Most
of
the
Department's
activities
associated
with
the
Great
Lakes
are
centred
at
the
Canada
Centre
for
Inland
Waters
(CCIW)
facilities
at
Burlington,
Ontario.
Research
into
a
wide
variety
of
fields
including
physical,
chemical,
and
biological
aspects
of
water
is
conducted
at
CCIW
in
close
association
with
international,
provincial,
university,
and
private
research
organizations.
CCIW
provides
important
information
and
advice
in
such
areas
as
hydraulics,
eutrophication,
analytical
and
numerical
methods,
toxic
substances,
oil
spill
clean-up,
waste,
and
radioactivity
from
physical
and
geochemical,
biological,
microbiological,
economic,
and
social
standpoints.
Other
departmental
activities
at
CCIW
include
research
on
wastewater
treatment
processes
for
industrial
and
municipal
pollution control plants
and
the
conduct
of hydro-
graphic
and
water
quality
surveys.
Research
into
the
environmental
signi—
ficance
of
toxic
substances
and
the
environmental
degradability
of
phosphorus
substitutes
in
detergents
is
another important
program
carried
out
at CCIW.
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e
Gr
ea
t
La
ke
s
wa
te
r
re
so
ur
ce
sy
st
em
by
pr
ov
id
in
g
fo
r
at
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th
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ug
h
ra
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f
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Th
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pr
ov
id
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a
st
ro
ng
in
ce
nt
iv
e
to
in
du
st
ry
to
pr
es
s
on
wi
th
po
ll
ut
io
n
co
nt
ro
l
me
as
ur
es
,
th
er
eb
y
re
du
ci
ng
wa
st
e
lo
ad
s
en
—
tering the Great Lakes system.
Ot
he
r
fe
de
ra
l
de
pa
rt
me
nt
s
ar
e
in
vo
lv
ed
in
di
ff
er
en
t
wa
ys
in
st
ud
yi
ng
an
d
ma
na
gi
ng
th
e
Gr
ea
t
La
ke
s
wa
te
r
re
so
ur
ce
sy
st
em
Su
ch
as
th
e
De
pa
rt
me
nt
of
Pu
bl
ic
Wo
rk
s,
co
nc
er
ne
d
wi
th
in
st
al
la
ti
on
s
an
d
dr
ed
gi
ng
op
er
at
io
ns
an
d
th
e
De
pa
rt
me
nt
of
Ag
ri
cu
lt
ur
e,
co
nc
er
ne
d
wi
th
po
ll
ut
io
n
fr
om
la
nd
ru
no
ff
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As
di
sc
us
se
d
pr
ev
io
us
ly
,
th
e
fe
de
ra
l
go
ve
rn
me
nt
un
de
r
th
e
Br
it
is
h
No
rt
h
Am
er
ic
a
Ac
t
ha
s
au
th
or
it
y
ov
er
sh
ip
pi
ng
,
na
vi
ga
ti
on
,
an
d
fi
sh
er
ie
s
in
th
e
Gr
ea
t
La
ke
s
Sy
st
em
wh
il
e
th
e
pr
ov
in
ci
al
go
ve
rn
me
nt
le
gi
sl
at
es
on
ma
tt
er
s
re
la
te
d
to
do
me
st
ic
an
d
in
du
st
ri
al
wa
te
r
su
pp
ly
,
po
ll
ut
io
n
ab
at
em
en
t,
po
we
r
de
ve
lo
pm
en
t,
ir
ri
ga
ti
on
,
re
cl
am
at
io
ns
,
an
d
re
cr
ea
ti
on
.
In
ca
rr
yi
ng
ou
t
th
ei
r
res
pec
tiv
e
rol
es,
clo
se
coo
per
ati
on
exi
sts
bet
wee
n
the
Can
adi
an
fed
era
l
go
ve
rn
me
nt
an
d
th
e
On
ta
ri
o
pr
ov
in
ci
al
go
ve
rn
me
nt
.
In
re
ce
nt
ye
ar
s,
th
es
e
coo
per
ati
ve
eff
ort
s
hav
e b
een
for
mal
ize
d
in
fed
era
l-p
rov
inc
ial
agr
eem
ent
s,
thr
ee
of
whi
ch
are
the
Can
ada
-On
tar
io
Agr
eem
ent
on
Gre
at
Lak
es
Wat
er
Qua
lit
y,
the
Cen
tra
l M
ort
gag
e a
nd
Hou
sin
g C
orp
ora
tio
n-O
nta
rio
Mun
ici
pal
Sew
era
ge
Agr
eem
ent
,
and
the
Can
ada
-On
tar
io
Acc
ord
for
the
Pro
tec
tio
n a
nd
Enh
anc
eme
nt
of Environmental Quality.
42
 The Canada-Ontario
Agreement
on Great
Lakes
Water Quality was
signed in
August 1971 in response to the International Joint Commission's recommendations
concerning pollution of the Lower Lakes and in anticipation of the early con—
clusion of the Canada-United States Great Lakes Water Quality Agreement.
The
Canada-Ontario Agreement provides for the encouragement of speed-up of municipal
sewage treatment plant construction by increasing the flow of capital funds
and provides for the reduction of phosphorus in the most
critically affected
waters in the Great Lakes system.
The Canada-Ontario Agreement also provides for federal—provincial
cost—
sharing of research into pollution abatement programs to develop methods for
reducing
costs of waste treatment programs and to ensure that best technological
advances are incorporated in abatement programs.
The Canada—Ontario Agreement has recently been amended to exclude
the
original provisions for capital funding of sewerage works.
This is now
covered in the Central Mortgage and Housing Corporation-Ontario Municipal
Sewerage Agreement.
Research projects covering many areas of sewage handling and treatment
including chemical additives, sludge separation and disposal, hazardous and
toxic substances, and sewerage collector systems are carried out under the
Canada-Ontario Agreement.
The Central Mortgage and Housing Corporation—Ontario Municipal Sewerage
Agreement was signed in September 1975.
The principal objectives of this
Agreement are to support the control of water and soil pollution in Ontario
and to encourage the provision of serviced land for residential development
in undeveloped areas of the province. The Agreement provides for financial
support of these activities through the form of grants or loans. Under this
Agreement, $400,000,000 will be made available for Great Lakes sewage treat—
ment and storm sewer projects in the fiscal years 1975 to 1977.
The Canada—Ontario Accord for the Protection and Enhancement of Environ-
mental Quality was signed in October 1975. Under this Accord, the federal
and provincial governments agree to the development of criteria, natural
ambient objectives, and the identification of areas of joint interest where
these would apply. The Accord also provides for the development by Canada,
in consultation with the province, of national baseline effluent and emission
requirements and guidelines for specific industrial groups and specific
pollutants for agreed—upon classes of industries. The Accord describes the
mechanisms whereby both governments may carry out pollution control programs
under their respective legislative authority to meet agreed—upon objectives
and federal and provincial requirements.
The Accord defines how pollution control enforcement regulations will be
carried out with respect to the two governments. Provision is made for
speed-up of joint programs of data gathering, assessment, research, and
design which have been initiated under the Canada—Ontario Agreement. Also
under this Accord, when and where national effluent requirements have not
been developed, the province will apply best practicable technology for
controlling emissions and waste discharges in air and water.
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ENFORCEMENT MECHANISMS
Un
de
r
th
e
Ca
na
da
—O
nt
ar
io
Ac
co
rd
fo
r
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Pr
ot
ec
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on
an
d
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ro
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en
ta
l
Qu
al
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On
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ri
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es
ta
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an
d
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fo
rc
es
re
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ir
em
en
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at
le
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t
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str
ing
ent
as
the
agr
eed
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eli
ne
req
uir
eme
nts
and
car
rie
s
out
sur
vei
lla
nce
of
ef
fl
ue
nt
s
an
d
em
is
si
on
s,
in
cl
ud
in
g
th
ei
r
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pa
ct
on
am
bi
en
t
qu
al
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y
an
d
co
mp
li
an
ce
wi
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st
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rd
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ct
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.
Als
o
und
er
the
Acc
ord
,
the
fed
era
l
and
pro
vin
cia
l g
ove
rnm
ent
s
coo
per
ate
in
mon
ito
rin
g
air
and
wat
er
qua
lit
y
in
are
as
of
joi
nt
int
ere
st
and
in
int
er—
pre
tin
g
the
dat
a w
ith
res
pec
t
to
tre
nds
and
obj
ect
ive
s.
The
pro
vin
cia
l
gof
ver
nme
nt
car
rie
s
out
mos
t
of
the
com
pli
anc
e m
oni
tor
ing
,
con
duc
ts
env
iro
nme
nta
l
imp
act
ass
ess
men
t o
n s
pec
ifi
c s
ite
dev
elo
pme
nts
,
and
gra
nts
app
rov
als
for
constructions.
ONTARIO
MAJOR LEGISLATION
The Ontario Water Resources Act
Thi
s A
ct
pro
vid
es
for
the
con
tro
l o
f w
ate
r p
oll
uti
on
thr
oug
h t
he
est
a—
bli
shm
ent
of
wat
er
and
sew
age
pro
jec
ts
und
er
the
Sup
erv
isi
on
of
the
pro
vin
ce.
The
Act
emp
owa
rs
the
Min
ist
er
of
the
Env
iro
nme
nt
to
ent
er
int
o a
gre
eme
nts
wit
h m
uni
cip
ali
tie
s p
rov
idi
ng
for
the
des
ign
, c
ons
tru
cti
on,
ope
rat
ion
, a
nd
fin
anc
ing
of
wat
er
and
sew
age
wor
ks.
The
Min
ist
er
is
emp
owe
red
to
dis
sem
ina
te
inf
orm
ati
on
and
adv
ice
con
cer
nin
g t
he
col
lec
tio
n,
pro
duc
tio
n,
tra
nsm
iss
ion
,
tre
atm
ent
, s
tor
age
, s
upp
ly,
and
dis
tri
but
ion
of
wat
er
or
sew
age
and
may
conduct research programs and prepare statistics.
In
add
iti
on,
the
dis
cha
rge
of
mat
eri
als
int
o t
he
wat
ers
of
the
pro
vin
ce
whic
h ma
y im
pair
thes
e wa
ters
is p
rohi
bite
d wi
th a
ppro
pria
te f
ines
of u
p to
$10,
000
upon
summ
ary
conv
icti
on
(Sec
tion
32).
The
Mini
ster
may
also
, up
on
appl
icat
ion
to t
he S
upre
me C
ourt
, ob
tain
an i
njun
ctio
n to
proh
ibit
disc
harg
es
in c
ases
wher
e i
mpai
rmen
t mi
ght
resu
lt
(Sec
tion
31).
Appr
oval
for
the
esta
-
blis
hmen
t or
alte
rati
on o
f se
wage
work
s fo
r th
e co
llec
tion
, t
rans
miss
ion,
or
disposal of wastes is mandatory before any work is undertaken (Section 42).
An industry may be required by order to make investigations and submit
reports to the Ministry of the Environment and to install or construct faci—
lities for the collection, transmission, treatment, or disposal of sewage
(Section 69). Any municipality or person responsible for discharge, deposit,
or escape of pollutant material is required to notify the Ministry forthwith
(Section 32(3)). The Act also provides for the right of Ministry employees
and agents to inspect premises at any time and to conduct surveys and inves—
tigations (Section 20).
Section 62 of the Ontario Water Resources Act empowers the Minister,
subject to approval by Cabinet, to regulate among other matters water works;
sewage works; plumbing; sewage strength; classification and licensing of
water and sewage plant operators; standards of quality for water supplies,
44
4—4
sewage
effluents,
receiving
streams,
and
water
courses;
operating
standards
for
water
and
sewage
works;
sewage
from
pleasure
craft
and
shore
reception
facilities;
and
the
use
of
water
from
any
source
of
supply.
Regulations
on
water
quality
standards
have
not
as
yet
been
established
by
the
province;
rather,
the
Ministry
employs
guidelines
and
criteria
for
water
quality
management
and
effluent
requirements
to
protect
water
quality
for
the
greatest
number of uses.
The
Environmental
Protection
Act
This
Act
prohibits
the
deposit,
emission,
or
discharge
of
any
contaminant
into
the
natural
environment
which
may
impair
its
use,
cause
impairment
of
the
quality
of
the
natural
environment,
cause
injury
or
damage
to
property
or
life,
cause
harm
or
discomfort
to
a
person,
or
adversely
affect
the
health
or
safety
of
a
person
(Section
14).
The
Act
further
provides
for
the
issuance
of
control
orders
which,
fol—
lowing
a
report
or
an
investigation
by
an
inspector,
may
be
used
to
require
an
industry
to
reduce
the
level
of
contaminants
being
discharged
(Section
6).
Also,
where
there
are
reasonable
grounds
to
believe
that
the
discharge
of
a
particular
contaminant
may
constitute
a
danger
to
human
life,
health,
or
property,
a
stop
order
may
be
issued
(Section
7).
The
Act
further
provides
that
no
person
shall
construct
or
alter
any
plant
that
may
emit
contaminants
or
alter
the
rate
of
production
without
approval (Section 8).
Under
the
Act,
a person
responsible
for a
source
of
contaminants may
submit
a program
to prevent
or
to
reduce
that
contaminant
and
the
Ministry
may
issue
a
"Program Approval"
which
effectively
formalizes
the
program
(Section 10).
The Environmental Protection Act also provides that every person respon—
sible for a source of contaminants shall furnish such information as a pro—
vincial officer requires for the purpose of the Act or the regulations
(Sec—
tion 83(3)).
The Pesticides Act
The sale and use of pesticides is rigidly controlled in Ontario by the
Pesticides Act.
Registered pesticides are classified on the basis of toxico—
logy and potential environmental impact.
The distribution, availability, and
use are regulated and classified.
Environmental Assessment Act and Regulations
Sections of this Act related to the formation of the Environmental
Assessment Board were recently proclaimed by the Lieutenant Governor. In
October 1976, regulations under the Act were proclaimed which require, for
provincial government projects with a significant effect on the environment,
the submission of an assessment for approval to the Minister of the Environment
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#
4
lopment of comprehensive environmental programs. These include the Canada-
Ontario Accord for the Protection and Enhancement of Environmental Quality
and the Canada-Ontario Great Lakes Water Quality Agreement.
The Accord
describes the general arrangements for federal—provincial action in pollution
control and the Agreement specifies responsibilities that each government,
within its jurisdiction, will undertake to implement the Canada—U.S. Agreement.
IMPLEMENTATION PROGRAMS
Since the mid—1950's, wastewater facilities planning has been given
priority in Ontario and at present 94% of the sewered population in the
drainage system is served by sewage treatment adequate to meet the water
quality objectives of the Agreement; 90% of this population employs a se—
condary level of sewage treatment. In Ontario, the Ministry of the Environment
may act as an agent for 30-year low-interest-rate self—liquidating financing
and for the construction and operation of municipal sewage works projects.
Since 1969, the province has supported two subsidy programs: capital grants
up to 75% of the cost of Ministry—financed projects to the extent that annual
homeowner costs exceed $130, and capital grants of 15% for provincial projects
serving municipalities in an area with the province owning and operating the
facilities in perpetuity. In 1974, the latter program was extended to non-
Ministry area projects in regional municipalities.
Other programs available to assist industry with the financing of pol—
lution abatement programs include:
(1) Pollution Control Loans - a loan of up to $250,000 from the/Ontario
Development Corporation to companies which are unable to finance
the purchase of equipment from their own resources.
(2) An accelerated capital cost allowance on pollution control for
federal and provincial income tax assessment - equivalent to an
interest—free loan in that it allows eligible companies to postpone
a portion of their tax payments. This provision applies to air and
water pollution control equipment that was acquired before 1977.
ENFORCEMENT MECHANISMS
The Ministry of the Environment utilizes water quality guidelines and
criteria, together with effluent objectives, to protect water quality. Any
party discharging a substance which may impair the quality of a water body is
subject to prosecution and fines under Section 32 of the Ontario Water Re-
sources Act. Initially, however, the Ministry attempts to obtain compliance
with the criteria and objectives by negotiating a voluntary pollution abate—
ment program with each discharger. Such voluntary programs may receive a
"Program Approval" by the Ministry. Voluntary programs may be made legally
binding, or control programs may be imposed by a "Control Order". If the
programs specified by a Control Order are not implemented, the discharger is
liable to prosecution and fines. If human health is endangered the Ministry
may issue a stop order and require immediate cessation of the discharge.
New, expanded, or altered operations must include pollution control equipment
that meets the Ministry's requirements and must receive Ministry Certificates
of Approval before construction is undertaken.
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 OTHER INPUT CATEGORIES
UNITED STATES
COMBINED SEWERS AND STORMWATER
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es
fed
era
l f
und
s f
or
res
ear
ch
and
dem
ons
tra
tio
n g
ran
ts
to
dev
elo
p
met
hod
s
for
con
tro
lli
ng
the
se
was
tes
.
The
pri
mar
y
fed
era
l
eff
ort
is
the
imp
lem
ent
ati
on
of
Are
awi
de
Was
te
Tre
atm
ent
Man
age
men
t P
rog
ram
s
aut
hor
ize
d
by
Sec
tio
n
208
of
PL
92-
500
whi
ch
pro
vid
es
for
are
awi
de
pla
nni
ng
for
con
tro
l o
f
urban nonpoint pollution sources.
VESSEL WASTES
Th
e
co
nt
ro
l
of
di
sc
ha
rg
es
of
sa
ni
ta
ry
wa
st
es
fr
om
ve
ss
el
s
is
th
e
re
sp
on
—
si
bi
li
ty
of
th
e
U.S
.
Co
as
t
Gu
ar
d.
Se
ct
io
n
312
of
PL
92
—5
00
re
qu
ir
es
th
at
al
l
ve
ss
el
s
na
vi
ga
ti
ng
th
e
wa
te
rs
of
th
e
U.S
.
be
eq
ui
pp
ed
wi
th
ap
pr
ov
ed
ma
ri
ne
sa
ni
ta
ti
on
de
vi
ce
s.
Se
ct
io
n
10
4(
j)
of
PL
92
-5
00
di
re
ct
s
th
e
Co
as
t
Gu
ar
d
to
do
re
se
ar
ch
an
d
de
ve
lo
pm
en
t
on
ma
ri
ne
sa
ni
ta
ti
on
de
vi
ce
s
wi
th
pa
rt
ic
ul
ar
emp
has
is
on
equ
ipm
ent
to
be
ins
tal
led
on
sma
ll
rec
rea
tio
nal
ves
sel
s.
The
Co
as
t
Gu
ar
d
ma
y
au
th
or
iz
e
an
yo
ne
to
bo
ar
d
an
d
in
sp
ec
t
ve
ss
el
s
in
th
e
na
v-
iga
ble
wat
ers
of
the
U.S
.
in
enf
orc
eme
nt
of
the
pro
hib
iti
on
aga
ins
t
dis
cha
rge
of
sew
age
fro
m t
he
ves
sel
(13
3 U
.S.
C.
116
3(1
)).
SPILLS
The
con
tro
l
of
spi
lls
of
oil
and
haz
ard
ous
mat
eri
als
is
a
sha
red
res
pon
-
sib
ili
ty
bet
wee
n
the
U.S
.
Coa
st
Gua
rd
and
the
U.S
.
EPA
.
The
Coa
st
Gua
rd
has
pri
mar
y
jur
isd
ict
ion
ove
r
spi
lls
int
o
tra
dit
ion
all
y
nav
iga
ble
wat
ers
fro
m
ve
ss
el
s
an
d
sh
or
es
id
e
fa
ci
li
ti
es
.
Th
e
U.S
.
EP
A
ha
s
pr
im
ar
y
re
sp
on
si
bi
li
ty
for
spi
lls
int
o
ups
tre
am
or
tra
dit
ion
all
y n
on—
nav
iga
ble
wat
ers
.
Sec
tio
n
311
of
PL
92—
500
pro
hib
its
the
dis
cha
rge
of
oil
or
haz
ard
ous
sub
sta
nce
s
int
o
the
nav
iga
ble
wat
ers
of
the
U.S
.,
req
uir
es
tha
t
all
suc
h
dis
cha
rge
s
be
rep
ort
ed
to
the
Coa
st
Gua
rd
or
U.S
.
EPA
,
and
aut
hor
ize
s
the
Coa
st
Gua
rd
or
U.S
.
EPA
to
req
uir
e
the
dis
cha
rge
r
to
cle
an
up
the
spi
ll
at
the
exp
ens
e
of
the
dis
cha
rge
r.
Sec
tio
n
311
(c)
(2)
of
PL
92—
500
req
uir
es
tha
t a
nat
ion
al
con
tin
gen
cy
pla
n b
e
est
abl
ish
ed
in
ord
er
to
pro
vid
e
for
res
pon
se
to
spi
lls
.
Ind
ust
rie
s
tha
t
sto
re
or
tra
nsp
ort
sig
nif
ica
nt
qua
nti
tie
s o
f o
il
or
haz
ard
ous
mat
eri
als
are
req
uir
ed
to
dev
elo
p
and
mai
nta
in
spi
ll
pre
ven
tio
n
con
tin
gen
cy
pla
ns
as
par
t
of their Section 402 permits.
DREDGING
Dr
ed
gi
ng
an
d
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
is
re
gu
la
te
d
by
th
e
U.
S.
Ar
my
Co
rp
s
of
En
gi
ne
er
s
un
de
r
th
e
pr
ov
is
io
ns
of
th
e
Ri
ve
rs
an
d
Ha
rb
or
s
Ac
t
of
18
99
an
d
un
de
r
th
e
pr
ov
is
io
ns
of
Se
ct
io
n
40
4
of
PL
92
-5
00
.
Se
ct
io
n
40
4
re
qu
ir
es
th
at
pe
rm
it
s
be
is
su
ed
fo
r
al
l
dr
ed
gi
ng
ac
ti
vi
ti
es
in
th
e
na
vi
ga
bl
e
wa
te
rs
of
th
e
U.
S.
Gu
id
el
in
es
fo
r
th
e
is
su
an
ce
of
pe
rm
it
s
ar
e
to
be
de
ve
lo
pe
d
by
th
e
U.
S.
EP
A
in
co
nj
un
ct
io
n
wi
th
th
e
Co
rp
s
of
En
gi
ne
er
s.
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’4
CANADA
COMBINED SEWERS AND STORMWATER
Under
the
Canadian
program
on
urban
drainage,
the
strategy
development
phase
under
the
Canada-Ontario
Agreement
is
largely
completed
and
implement—
ation
has
begun.
Two
projects
have
beendesigned
to
provide
information
on
legislative
and
regulatory
practices
in
Europe,
the
U.S.,
and
Canada.
The
most
effective
of
these
practices
are
being
incorporated
into
proposals
for
implementation
in
Ontario.
A
preliminary
draft
policy
together
with
supple-
mentary
guidelines
to
control
the
runoff
from
new
urban
developments
and
existing
municipalities
has
been
prepared
and
is
under
review.
VESSEL WASTES
Ontario
regulations
apply
to
pleasure
craft
only.
The
objective
is
total
containment;
however,
the
Ministry
of
the
Environment
will
accept
adequate
flow-through
systems
on
large
vessels
as
an
interim
measure.
The
overboard
discharge
of
any
form
of
raw
sewage
is
prohibited.
SPILLS
Ontario
has
a
Contingency
Plan
for
Spills
of
Oil
and
Other
Hazardous
Materials.
Annex
VI
of
the
Plan,
"Legislation",
contains
excerpts
from
the
following
statutes
affecting
activities
in
Ontario
pertaining
to
the
problems
associated
with
pollution
spills:
Environmental
Protection
Act,
Ontario
Water
Resources
Act,
Pesticides
Act,
Public
Lands
Act,
Drainage
Act,
Gasoline
Handling
Act,
Petroleum
Resources
Act,
and
Energy
Act.
DREDGING
‘5
If
a
dredging activity
comes
under
provincial
jurisdiction,
an
application
to
dredge must
be made
to
the Ministry of
the
Environment,
which will
then
advise
the
applicant
what
it
considers
acceptable
within
the
terms
of
the
Ontario Water
Resources
Act.
The
Ministry
also
tests
for
contaminated
sedi—
ments
and monitors
water
quality
in
connection with
the dredging.
k
The environmental impact of dredging is assessed using the Ministry's
Marine
Construction Guidelines.
After
the implementation
of
the Ontario
Environmental Assessment
Act,
a more
comprehensive
review will
be
implemented.
At
present,
there
are
guidelines
for
open water
and
land
disposal
of
dredged
spoils.
Criteria are continually being reviewed in the light of data obtained
from dredging projects on water quality and water use effects, and in light
of new information in the literature.
There are no provincial statutes which contain direct reference to
dredging, although the following legislation could be applied indirectly to
exercise control over a dredging activity:
Ontario Water Resources Act,
Environmental
Protection Act,
Beds
of
Navigable Waters Act,
Public
Lands
Act,
Conservation Authorities
Act,
Beach Protection
Act,
Public
Health Act,
and
Lakes and Rivers Improvement Act.
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INTRODUCTION
Chapter 3 describes material inputs to Lake Huron. This first section
introduces and summarizes the remainder of Chapter 3. Included are material
balances for certain selected parameters. Chapters 3.2 through 3.11 present
the study results for the various input categories. These input categories
are direct municipal and direct industrial wastewater discharges, tributaries,
interlake transport, atmospheric deposition, shoreline erosion, thermal dis—
charges, radioactivity discharges, dredging activities, vessel waste discharges
and spills. Chapter 3.12 presents future projections of material inputs which
were obtainedfrom a mathematical model.
The measurements and estimates of material inputs presented in this
chapter form a baseline from which future comparisons can be drawn. They also
show the significance of various input categories and sources and provide a
basis for discussion in Chapters 4, 5, and 6. They were used byother groups
in the Upper Lakes study, including the group which calibrated the future
projections model. Detailed project reports are available for several of the
input categories. These are referenced where appropriate and should be
consulted if more detailed information is needed.
GENERAL DESCRIPTION OF THE MATERIAL BALANCE
Material balances have beenassembled for five significant parameters for
Lake Huron. The balances are essentially tabulations of the material inputs
to and outputs from the lake. In addition to material balances for the whole
lake, separate tabulations have been made for the North Channel, Georgian Bay,
and the main body of Lake Huron. This has been done because these three areas
are like separate lakes in many ways. The data which are shown here were
obtained from the subsequent sections of Chapter 3 and the backup project
reports.
The main reason for preparing the material balances is to help gain a
gen
era
l u
nde
rst
and
ing
of
the
se
lar
ge
wat
er
bod
ies
as
who
le
sys
tem
s.
The
bala
nces
are
not
expe
cted
to b
e ex
act
mode
ls o
f th
e wh
ole
lake
.
Neit
her
can
they
be e
xpec
ted
to s
imul
ate
the
prob
lems
of L
ake
Huro
n wh
ich
are
prim
aril
y
loc
al
in
nat
ure
.
How
eve
r,
the
bal
anc
es
can
be
qui
te
enl
igh
ten
ing
as
to
maj
or
fac
tor
s w
hic
h i
nfl
uen
ce
the
lake
.
Oft
en
the
y l
ead
to
imp
ort
ant
new
que
sti
ons
as
di
sc
us
se
d
in
th
e
fo
ll
ow
in
g
pa
ra
gr
ap
h.
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 Th
e
ma
te
ri
al
ba
la
nc
e
gi
ve
s
a
ge
ne
ra
l
in
di
ca
ti
on
as
to
wh
et
he
r
ma
nk
in
d
is
pr
es
en
tl
y
af
fe
ct
in
g
th
e
wh
ol
e
la
ke
.
If
no
t,
th
e
ma
te
ri
al
ba
la
nc
e
ca
n
be
a
st
ar
ti
ng
po
in
t
fo
r
de
te
rm
in
in
g
wh
at
fu
tu
re
co
nd
it
io
ns
co
ul
d
ca
us
e
wh
ol
e-
la
ke
pr
ob
le
ms
.
In
ei
th
er
ca
se
,
th
e
ma
te
ri
al
ba
la
nc
e
wi
ll
sh
ow
wh
ic
h
in
pu
ts
ar
e
mo
st
si
gn
if
ic
an
t.
Fr
om
th
is
ev
al
ua
ti
on
,
th
e
mo
st
ef
fe
ct
iv
e
re
me
di
al
or
pr
ev
en
ti
ve
me
as
ur
es
ca
n
be
co
ns
id
er
ed
.
A
ba
la
nc
e
ca
n
al
so
be
a
st
ar
ti
ng
po
in
t
fo
r
de
te
rm
in
in
g
th
e
fa
te
of
po
ll
ut
an
t
in
pu
ts
.
If
ac
cu
mu
la
ti
on
is
oc
cu
rr
in
g
wi
th
in
th
e
la
ke
th
e
ba
la
nc
e
ca
n
he
lp
in
es
ti
ma
ti
ng
th
e
st
ea
dy
-s
ta
te
co
nc
en
tr
at
io
n
wh
ic
h
wo
ul
d
be
ex
pe
ct
ed
at
cu
rr
en
t
(o
r
pr
oj
ec
te
d)
in
pu
t
ra
te
s.
Th
e
ma
te
ri
al
ba
la
nc
e
eq
ua
ti
on
ca
n
be
su
mm
ar
iz
ed
as
fo
ll
ow
s:
ZINPUTS ' Z OUTPUTS = ACCUMULATION
Si
nc
e
th
e
wa
te
r
bo
di
es
be
in
g
co
ns
id
er
ed
ar
e
ve
ry
la
rg
e,
th
e
ti
me
re
qu
ir
ed
to
re
ac
h
st
ea
dy
st
at
e
is
ve
ry
lo
ng
.
Th
er
ef
or
e,
th
e
ac
cu
mu
la
ti
on
te
rm
is
pr
ob
ab
ly
no
t
ze
ro
,
an
d
in
pu
ts
wi
ll
no
t
eq
ua
l
ou
tp
ut
s.
Ac
cu
mu
la
ti
on
ma
y
oc
cu
r
as
se
di
me
nt
at
io
n
or
as
an
in
cr
ea
se
in
th
e
co
nc
en
tr
at
io
n
of
th
e
ma
te
ri
al
in
th
e
la
ke
.
Th
is
de
pe
nd
s
on
th
e
na
tu
re
of
th
e
ma
te
ri
al
.
Im
po
rt
an
t
co
ns
id
er
at
io
ns
wh
ic
h
ar
e
no
t
ta
ke
n
in
to
ac
co
un
t
he
re
ar
e
th
e
dy
na
mi
c
ph
ys
ic
al
,
ch
em
ic
al
,
an
d
bi
ol
og
ic
al
eq
ui
li
br
ia
in
th
e
la
ke
.
Th
es
e
ca
n
ca
us
e
ex
ch
an
ge
of
ma
te
ri
al
be
tw
ee
n
th
e
la
ke
wa
te
r
an
d
th
e
la
ke
bo
tt
om
,
an
d
in
so
me
ca
se
s
th
e
at
mo
sp
he
re
.
Wh
et
he
r
th
es
e
ar
e
si
gn
if
ic
an
t
de
pe
nd
s
on
th
e
na
tu
re
of
th
e
pa
rt
ic
ul
ar
ma
te
ri
al
be
in
g
balanced.
TH
E
MA
TE
RI
AL
BA
LA
NC
E
PA
RA
ME
TE
RS
Qu
an
ti
ta
ti
ve
me
as
ur
em
en
t
of
al
l
so
ur
ce
s
of
a
pa
rt
ic
ul
ar
ma
te
ri
al
an
d
su
bs
eq
ue
nt
wo
rk
up
of
th
e
da
ta
to
fo
rm
a
ma
te
ri
al
ba
la
nc
e
is
ve
ry
ex
pe
ns
iv
e.
Th
er
ef
or
e,
ma
te
ri
al
ba
la
nc
es
ha
ve
be
en
pr
ep
ar
ed
fo
r
fi
ve
pa
ra
me
te
rs
wh
ic
h
ar
e
im
po
rt
an
t
to
th
e
la
ke
as
a
wh
ol
e.
Th
es
e
pa
ra
me
te
rs
are listed below:
(1
)
To
ta
l
Ph
os
ph
or
us
--
Ph
os
ph
or
us
is
co
ns
id
er
ed
by
ma
ny
to
be
th
e
nu
tr
ie
nt
mo
st
li
ke
ly
to
li
mi
t
gr
ow
th
of
al
ga
e
an
d
ot
he
r
aq
ua
ti
c
or
ga
ni
sm
s.
Ph
os
ph
or
us
in
pu
t
is
gr
ea
tl
y
af
fe
ct
ed
by
th
e
am
ou
nt
of
hu
ma
n
ci
vi
li
za
ti
on
in
a
ba
si
n
an
d
is
pr
ob
ab
ly
th
e
ke
y
ca
us
e
of
un
na
tu
ra
l
eu
tr
op
hi
ca
ti
on
.
Ma
ny
in
pu
ts
of
ph
OS
ph
or
us
ar
e
re
la
ti
ve
ly
ea
sy
to
co
nt
ro
l.
"T
ot
al
"
ph
OS
ph
or
us
is
us
ed
in
the
ba
la
nc
e
be
ca
us
e
ma
ny
of
the
va
ri
ou
s
ch
em
ic
al
fo
rm
s
ca
n
be
co
me
av
ai
la
bl
e
to
th
e
bi
ot
a
in
th
e
la
ke
.
(2)
To
ta
l
Ni
tr
og
en
—-
Ni
tr
og
en
is
al
so
co
ns
id
er
ed
an
im
po
rt
an
t
nu
tr
ie
nt
.
It
ma
y
be
li
mi
ti
ng
in
so
me
ar
ea
s
of
La
ke
Hu
ro
n.
Si
nc
e
th
e
at
mo
sp
he
re
co
nt
ai
ns
mo
st
ly
ni
tr
og
en
,
na
tu
ra
l
eq
ui
li
br
iu
m
for
ces
may
res
ult
in
exc
han
ge
whi
ch
wou
ld
not
be
tak
en
int
o
ac
co
un
t
in
the
ba
la
nc
e.
Ho
we
ve
r,
th
is
is
pr
ob
ab
ly
no
t
si
gn
if
ic
an
t
in
La
ke
Hu
ro
n
be
ca
us
e
it
do
es
no
t
co
nt
ai
n
la
rg
e
nu
mb
er
s
of
ni
tr
og
en
-c
on
ve
rt
in
g
or
ga
ni
sm
s.
As
wi
th
ph
os
ph
or
us
,
"t
ot
al
"
ni
tr
og
en
is
us
ed
in
the
ba
la
nc
e
be
ca
us
e
ma
ny
of
the
va
ri
ou
s
54
 chemical
forms
can
become
available
to
the
biota
in
the
lake.
(3)
Reactive
Silicate
--
Silicon
is
considered
to
be
the
limiting
n
ut
r
i
e
n
t
for
diatoms,
the
m
o
s
t
c
o
m
m
o
n
algae
in
Lake
Huron.
Therefore,
if
silicon
is
limited,
less
d
e
s
i
r
a
b
l
e
algae
take
their place.
(4)
Total
Dissolved
Solids
--
This
is
the
best
measure
of
total
impurities
in
the
lake.
It
is
measured
by
multiplying
conductivity,
measured
in
microsiemens
per
centimetre,
by
0.65
(1).
About
half
of
the
total
dissolved
solids
in
Lake
Huron
is
bicarbonate
ion.
The
bicarbonate
ion
approaches
equilibrium
with
limestone
in
the
lake
bottom
and
with
carbon
dioxide
in
the
atmosphere.
Therefore,
the
balance
may
be
affected
somewhat
by
these
exchanges.
(5)
Chloride
-—
This
is
an
easily—measured,
non—reactive
substance
used
to
check
the
validity
of
the
balances.
It
is
also
a
portion
of
the
dissolved
solids
which
is
greatly
influenced
by
human
civilization
in
the
basin.
It
may
be
an
important
factor
in
regulating
the
amount
of
dissolved
solids
in
the
lake.
Material
balances
for
toxicants
present
in
trace
amounts,
such
as
mercury,
DDT,
and
PCB's,
would
have
been
desirable
in
this
study.
They
were
not
done
because
most
of
the
input
sources
sampled
were
below
the
detection
limit
for
these
materials.
Therefore,
any
such
tabulation
would
have
beenmeaningless.
The
importance
of
these
trace
materials
to
the
whole-lake
systems
is
becoming
increasingly
apparent.
As
soon
as
analytical
techniques
will
permit,
material
balance
tabulations
should
be
done.
MATERIAL
BALANCE
TABULATIONS
The
material
balance
tabulations
are
shown
in
Tables
3.1-1
through
3.1—20.
Observations
and
comments
are
listed
on
each
table.
The
tables
are
arranged
in the following order:
  
Total
Total
Total
Reactive
Dissolved
Phosphorus
Nitrogen
Silicate
Solids
Chloride
Whole-Lake Huron
3.1—1
3.1-2
3.1-3
3.1-4
3.1-5
Main-Lake Huron
3.1—6
3.1-7
3.1—8
3.1-9
3.1-10
North Channel
3.1—11
3.1-12
3.1-13
3.1—14
3.1—15
Georgian Bay
3.1—16
3.1-17
3.1-18
3.1-19
3.1—20
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v
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1
-
r
w
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ﬁ
h
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2
%
:
1
W
m
 Sev
era
l i
mpo
rta
nt
poi
nts
are
com
mon
to
all
of
the
tab
les
.
The
mun
ici
pal
and
ind
ust
ria
l i
npu
ts
sho
wn
are
onl
y t
hos
e w
hic
h g
o d
ire
ctl
y
to t
he l
ake.
Wast
ewat
er d
isch
arge
s up
stre
am
from
trib
utar
y mo
uths
are
not
show
n se
para
tely
but
are
incl
uded
in t
he t
ribu
tary
inpu
ts.
For
phosphorus, independent caICulations were made to estimate the amounts
entering the tributary from wastewater discharges. These upstream
discharges plus the direct phosphorus inputs equal the total phosphorus
entering the lake from municipal and industrial sources (assuming all
which enters the tributaries eventually reaches the lake). These estimates
were based on average phosphorus concentrations in treated municipal
effluent and the total average volume of treated sewage entering the
tributaries.
Sampled tributaries include all the larger ones plus any smaller
ones which have significant upstream wastewater inputs. Unsampled ones
were estimated based on similar sampled streams (Chapter 3.3).
Atmospheric inputs shown are based on sample results. Independent
estimates of the atmospheric inputs obtained from mathematical models
often varied from the sample results (Chapter 3.5). In general, confidence
in the atmospheric input estimates is not as great as the tributary,
municipal, and industrial input estimates.
There are several sources of material inputs which have beenestimated
but do not have a significant effect on the material balances. These
are not shown on the summary tables, but are discussed below.
Vessel waste inputs (Chapter 3.10) are not significant for any
of the material balance parameters and are therefore not shown on the
tables.
Dredging inputs (Chapter 3.9) are based on gross amounts of dredged
material dumped in the lake. It is likely that only a small portion
of this material is available to the lake water. The problems associated
with this material tend to be primarily localized. In view of the
uncertainty in estimating the amount "available" to the lake (which
is felt to be small in relation to the total inputs), dredging inputs
have not been shown in the summary tables.
Shore erosion inputs are discussed in Chapter 3.6. As with dredging
inputs, it is not now known what portion of the total amounts of the
material balance parameters contained in material eroded from the shoreline
are available to the lake water. However, they are suspected to be
relatively small and are not shown on the tables.
Spills and storm sewer inputs are omitted from the material balance
summary tables. They are felt to be relatively small in relation to
the total inputs. They are also variable and difficult to estimate.
Groundwater inputs to Lake Huron have not been meaSured or estimated.
However, they are also suspected to be small relative to the other inputs.
In general, there is very little information available on groundwater
inputs to Lake Huron.
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 A
l
l
m
a
t
e
r
i
a
l
b
a
l
a
n
c
e
outputs
from
L
a
k
e
H
ur
o
n
vi
a
the
St.
C
l
a
i
r
R
i
ve
r
we
r
e
c
a
l
c
ul
a
t
e
d
us
i
n
g
c
o
n
c
e
n
t
r
a
t
i
o
n
s
from
s
o
ut
h
e
r
n
Lake
Huron.
O
ut
p
ut
s
c
a
l
c
ul
a
t
e
d
us
i
n
g
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
the
river
we
r
e
somewhat
d
i
f
f
e
r
e
n
t
due
to
the
p
r
e
s
e
n
c
e
0f
m
a
t
e
r
i
a
l
e
r
o
d
e
d
f
r
o
m
the
shoreline.
This
is
d
i
s
c
us
s
e
d
in
m
o
r
e
d
e
t
a
i
l
in
Chapter 3.4.
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
S
U
M
M
A
R
Y
As
m
e
n
t
i
o
n
e
d
above,
o
b
s
e
r
va
t
i
o
n
s
and
comments
are
s
h
o
wn
on
each
m
a
t
e
r
i
a
l
balance
table.
It
is
difficult
to
generalize
about
the
various
water
bodies
or
parameters.
However,
a
bar
graph
has
b
e
e
n
p
r
e
p
a
r
e
d
(Figure
3.1-1)
to
illustrate
the
material
balances
for
whole—Lake
Huron.
Certain
generalities
are evident:
(l)
Tributaries
and
interlake
transport
are
the
major
input
sources.
(2)
Atmospheric
inputs
are
a
significant
source
of
nitrogen.
Although
smaller,
they
are
also
important
for
phosphorus.
They
are
minor
for
the
o
t
h
e
r
three
parameters.
(3)
Direct
municipal
and
direct
industrial
sources
are
minor
inputs
in
all
cases.
'Thus,
Lake
Huron
is
quite
different
in
this
respect
from
Lakes Erie and Ontario.
(4)
There
is
a
net
accumulation
of
the
nutrients
phosphorus,
nitrogen,
and
silicon.
This
is
probably
due
to
the
sedimentation
of
dead
algae.
The
balance
between
inputs
and
outputs
is
very
close
for
total
dissolved
solids
and
chloride.
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BALANCE SUMMARY
 TABLE 3.1-1
W
H
O
L
E
L
A
K
E
H
U
R
O
N
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
F
O
R
T
O
T
A
L
P
H
O
S
P
H
O
R
U
S
(
A
S
P)
     
L
O
A
U
T
N
C
S
I
N
T
O
N
N
E
S
P
E
R
Y
E
A
R
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
T
O
T
A
L
M
U
N
I
C
I
P
A
L
I
N
D
U
S
T
R
I
A
L
S
A
M
P
L
E
D
U
N
S
A
M
P
L
E
D
M
I
C
H
I
G
A
N
6
2
6
7
1
,
6
7
0
a
1
7
2
1
,
9
7
0
O
N
T
A
R
I
O
1
2
8
1
4
1
,
9
5
0
1
7
4
2
,
2
7
0
A
T
M
O
S
P
H
E
R
I
C
I
N
P
U
T
S
6
2
0
S
T
R
A
I
T
S
O
F
M
A
C
K
I
N
A
C
I
N
P
U
T
F
R
O
M
L
A
K
E
M
I
C
H
I
G
A
N
2
5
5
S
T
.
M
A
R
Y
S
R
I
V
E
R
I
N
P
U
T
F
R
O
M
L
A
K
E
S
U
P
E
R
I
O
R
4
0
2
T
O
T
A
L
I
N
P
U
T
S
5
,
5
2
0
T
O
T
A
L
O
U
T
P
U
T
S
(
V
I
A
T
H
E
S
T
,
C
L
A
I
R
R
I
V
E
R
)
1
,
0
8
0
  
.
I
n
c
l
u
d
e
s
a
n
a
d
j
u
s
t
e
d
v
a
l
u
e
f
o
r
t
h
e
S
a
g
i
n
a
w
R
i
v
e
r
.
o
n
t
h
e
d
e
p
a
r
t
u
r
e
o
f
s
t
r
e
a
m
f
l
o
w
f
r
o
m
t
h
e
a
n
n
u
a
l
a
v
e
r
a
g
e
a
t
t
h
e
t
i
m
e
o
f
s
a
m
p
l
i
n
g
(
2
)
.
T
r
i
b
u
t
a
r
i
e
s
a
c
c
o
u
n
t
f
o
r
7
2
%
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
s
.
d
i
v
i
d
e
d
b
e
t
w
e
e
n
t
h
e
U
.
S
.
a
n
d
C
a
n
a
d
a
.
i
n
p
u
t
i
s
f
r
o
m
t
h
e
S
a
g
i
n
a
w
R
i
v
e
r
o
n
t
h
e
U
.
S
.
O
B
S
E
R
V
A
T
I
O
N
S
A
N
D
C
O
M
M
E
N
T
S
However,
o
f
t
h
e
t
r
i
b
u
t
a
r
y
t
o
t
a
l
f
r
o
m
b
o
t
h
c
o
u
n
t
r
i
e
s
.
D
i
r
e
c
t
m
u
n
i
c
i
p
a
l
a
n
d
i
n
d
u
s
t
r
i
a
l
s
o
u
r
c
e
s
a
c
c
o
u
n
t
inputs.
sources .
i
n
d
u
s
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
.
w
a
s
t
e
w
a
t
e
r
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
h
a
s
r
e
d
u
c
e
d
to
2
3
%
f
r
o
m
a
s
o
m
e
w
h
a
t
h
i
g
h
e
r
l
e
v
e
l
.
d
u
c
e
t
h
e
t
o
t
a
l
m
u
n
i
c
i
p
a
l
a
n
d
i
n
d
u
s
t
I
n
t
e
r
l
a
k
e
t
r
a
n
s
p
o
r
t
f
r
o
m
L
a
k
e
S
u
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
s
.
A
b
o
u
t
2
0
%
of
the
i
n
p
ut
p
h
o
s
p
h
o
r
u
s
is
m
e
a
s
u
r
e
d
as
o
ut
p
ut
.
However,
s
e
d
i
m
e
n
t
a
t
i
o
n
of
l
a
k
e
s
o
f
t
h
i
s
t
yp
e
.
low.
I
n
d
e
p
e
n
d
e
n
t
c
a
l
c
u
l
a
t
i
o
n
s
s
h
o
w
t
h
a
t
i
n
g
t
h
e
l
a
k
e
v
i
a
t
r
i
b
u
t
a
r
i
e
s
o
r
i
g
i
n
a
t
e
s
f
r
o
m
T
h
e
a
d
j
u
s
t
m
e
n
t
w
a
s
b
a
s
e
d
T
h
e
t
o
t
a
l
i
s
a
b
o
u
t
e
v
e
n
l
y
t
h
e
l
a
r
g
e
s
t
s
i
n
g
l
e
t
r
i
b
u
t
a
r
y
s
i
d
e
,
w
h
i
c
h
c
o
n
t
r
i
b
u
t
e
s
o
n
e
—
t
h
i
r
d
f
o
r
o
n
l
y
a
b
o
u
t
5
%
o
f
t
h
e
t
o
t
a
l
a
b
o
u
t
2
6
%
o
f
t
h
e
p
h
o
s
p
h
o
r
u
s
e
n
t
e
r
—
u
p
s
t
r
e
a
m
m
u
n
i
c
i
p
a
l
a
n
d
i
n
d
u
s
t
r
i
a
l
T
h
us
,
a
b
o
u
t
23%
of
the
t
o
t
a
l
i
n
p
u
t
s
o
r
i
g
i
n
a
t
e
f
r
o
m
a
l
l
m
u
n
i
c
i
p
a
l
a
n
d
R
e
c
e
n
t
c
o
n
s
t
r
u
c
t
i
o
n
o
f
p
h
o
s
p
h
o
r
u
s
r
e
m
o
v
a
l
f
a
c
i
l
t
i
e
s
a
t
t
a
l
p
h
o
s
p
h
o
r
u
s
i
n
p
u
t
s
to
t
h
e
p
r
e
s
e
n
t
A
d
d
i
t
i
o
n
a
l
f
a
c
i
l
i
t
i
e
s
n
o
w
p
l
a
n
n
e
d
w
i
l
l
r
e
—
rial
input
to
about
11%.
p
e
r
i
o
r
a
n
d
L
a
k
e
M
i
c
h
i
g
a
n
a
c
c
o
u
n
t
s
f
o
r
a
b
o
u
t
1
2
%
A
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
a
c
c
o
u
n
t
f
o
r
a
b
o
u
t
1
1
%
o
f
t
h
e
t
o
t
a
l
.
T
h
i
s
s
e
e
m
s
s
o
m
e
w
h
a
t
p
h
o
s
p
h
o
r
u
s
is
u
s
u
a
l
l
y
q
u
i
t
e
s
i
g
n
i
f
i
c
a
n
t
i
n
T
h
e
r
e
f
o
r
e
,
it
is
d
i
f
f
i
c
u
l
t
to
t
e
l
l
h
o
w
m
u
c
h
of
the
d
i
f
f
e
r
—
e
n
c
e
is
d
ue
to
s
e
d
i
m
e
n
t
a
t
i
o
n
a
n
d
h
o
w
m
u
c
h
r
e
s
u
l
t
s
in
i
n
c
r
e
a
s
i
n
g
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in the lake.
The
loadings
from
m
un
i
c
i
p
a
l
,
industrial,
i
n
c
r
e
a
s
e
22%
by
2020.
ment continues
a
n
d
t
r
i
b
u
t
a
r
y
s
o
u
r
c
e
s
a
r
e
p
r
o
j
e
c
t
e
d
to
T
h
i
s
a
s
s
u
m
e
s
that
the
p
r
e
s
e
n
t
g
e
n
e
r
a
l
l
e
v
e
l
of
w
a
s
t
e
t
r
e
a
t
-
and
that
n
o
n
—p
o
i
n
t
sour
ce
inputs
r
e
m
a
i
n
constant.
Therefore, the
projected
increase
is
entirely
due
to
the
forecast
population
increases
and
in—
dustrial expansions.
No loadin
i
n
c
l
u
d
i
n
g
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
.
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g
p
r
o
j
e
c
t
i
o
n
s
have
b
e
e
n
m
a
d
e
for
the
o
t
h
e
r
sources,
.
—
 TABLE 3.1—2
WH
OL
E
LA
KE
HU
RO
N
MA
TE
RI
AL
BA
LA
NC
E
FO
R
TO
TA
L
NI
TR
OG
EN
(A
S
N)
LOADINGS IN TONNES PER YEAR
 
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
T
O
T
A
L
M
U
N
I
C
I
P
A
L
I
N
D
U
S
T
R
I
A
L
g
A
M
P
L
E
D
U
N
S
A
M
P
L
E
D
   
MIC
HIG
AN
325
467
24,
800
3,7
60
29,
400
ON
TA
RI
O
719
6,
61
0
26
,1
00
3,
69
0
37
,1
00
AT
MO
SP
HE
RI
C
IN
PU
TS
52
,0
00
STR
AIT
S
OF
MAC
KIN
AC
INP
UT
PRO
M L
AKE
MIC
HIG
AN
18,
800
ST.
MA
RY
S
RI
VE
R
IN
PU
T
FR
OM
LA
KE
SU
PE
RI
OR
21
,9
00
 
TOTAL INPUTS 159,000
 
TO
TA
L
OU
TP
UT
S
(V
IA
TH
E
ST.
CL
AI
R
RI
VE
R)
76
,0
00
  
OBSERVATIONS AND COMMENTS
Tri
but
ari
es
acc
oun
t
for
37%
of
the
tot
al
inp
uts
,
whi
ch
are
abo
ut
equ
all
y
divided between the U.S. and Canada.
At
mo
sp
he
ri
c
in
pu
ts
ac
co
un
t
for
33%
of
the
to
ta
l
in
pu
ts
.
Int
erl
ake
tra
nsp
ort
inp
uts
fro
m
Lak
e
Sup
eri
or
Via
the
St.
Mar
ys
Riv
er
and
Lak
e
Mic
hig
an
via
the
Str
ait
s
of
Mac
kin
ac
acc
oun
t
for
26%
of
the
tot
al
inputs.
Th
e
me
as
ur
ed
ou
tp
ut
is
ab
ou
t
48
%
of
th
e
to
ta
l
in
pu
ts
.
Se
di
me
nt
at
io
n
and
exc
han
ge
wit
h
the
atm
osp
her
e
may
be
sig
nif
ica
nt
for
nit
rog
en.
The
ref
ore
,
it
is
not
kno
wn
how
muc
h
of
the
dif
fer
enc
e b
etw
een
inp
ut
and
out
put
res
ult
s
in increasing concentrations in the lake.
The
loa
din
gs
fro
m m
uni
cip
al,
ind
ust
ria
l,
and
tri
but
ary
sou
rce
s
are
pro
jec
ted
to
in
cr
ea
se
94
%
by
202
0.
Th
is
as
su
me
s
th
at
the
pr
es
en
t
ge
ne
ra
l
le
ve
l
of
wa
st
e
tr
ea
tm
en
t
co
nt
in
ue
s
an
d
th
at
no
n—
po
in
t
so
ur
ce
in
pu
ts
re
ma
in
co
ns
ta
nt
.
The
ref
ore
,
the
pro
jec
ted
inc
rea
se
is
ent
ire
ly
due
to
the
for
eca
st
pop
ula
tio
n
inc
rea
ses
and
ind
ust
ria
l
exp
ans
ion
s.
No
loa
din
g
pro
jec
tio
ns
hav
e
bee
n
mad
e
for
the
oth
er
sou
rce
s,
inc
lud
ing
atm
osp
her
ic
inp
uts
.
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TABLE 3.1-3
WHOLE
LAKE
HURON
MATERIAL
BALANCE
FOR
REACTIVE
SILICATE
(AS
8102)
       
LOADINGS
IN
TONNES
PER
YEAR
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
T
O
T
A
L
M
U
N
I
C
I
P
A
L
I
N
D
U
S
T
R
I
A
L
S
A
M
P
L
E
D
U
N
S
A
M
P
L
E
D
M
I
C
H
I
G
A
N
488
843
8
5
,
1
0
0
10,300
9
6
,
7
0
0
ONTARIO
326
0
119,000
10,400
130,000
ATMOSPHERIC
INPUTS
9,200
STRAITS
0F
MACKINAC
INPUT
FROM
LAKE
MICHIGAN
70,900
ST.
MARYS
RIVER
INPUT
FROM
LAKE
SUPERIOR
150,000
TOTAL INPUTS 457,000
TOTAL
OUTPUTS
(VIA
THE
ST.
CLAIR
RIVER)
248,000
 
OBSERVATIONS
AND
COMMENTS
Inputs
are
about
equally
divided
between
tributary
and
interlake
transport
inputs.
Tributaries
account
for
about
49%
of
the
total,
and
interlake
trans—
port
about
48Z
of
the
total.
The
total
of
outputs
from
Lake
Huron
is
about
54%
of
the
total
inputs.
The
loadings
from
tributaries
depend
primarily
on
their
flow
rates.
Concen—
trations
do
not
seem
to
depend
on
human
civilization
to
any
great
extent.
This
would
indicate
that
the
lake
should
be
closer
to
steady
state
for
sili—
cate
than
for
other
materials
more
strongly
influenced
by
civilization.
For
this
reason,
it
is
surprising
that
there
is
not
a
better
balance
between
in—
puts
and
outputs.
Perhaps
sedimentation
of
diatoms
is
occurring.
The
loadings
from
municipal,
industrial,
and
tributary
sources
are
projected
to
increase
80%
by
2020.
This
assumes
that
the
present
general
level
of
waste
treatment
continues
and
that
non—point
source
inputs
remain
constant.
Therefore,
the
projected
increase
is
entirely
due
to
the
forecast
population
increases
and
industrial
expansions.
No
loading
projections
have
been
made
for
the
other
sources,
including
atmospheric
inputs.
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 TABLE 3.1—4
WH
OL
E
LA
KE
HU
RO
N
MA
TE
RI
AL
BA
LA
NC
E
FO
R
TO
TA
L
DI
SS
OL
VE
D
SO
LI
DS
      
LOADINGS IN TONNES PER YEAR
SO
UR
CE
DI
RE
CT
DI
RE
CT
TR
IB
UT
AR
Y
TO
TA
L
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
SA
M?
LE
D
UN
SA
MP
LE
D
MI
CH
IG
AN
21
,4
00
69
,0
00
3,
58
0,
00
0
54
8,
00
0
4,
22
0,
00
0
ON
TA
RI
O
18
,1
00
23
,6
00
4,
34
0,
00
0
52
9,
00
0
4,
91
0,
00
0
AT
MO
SP
HE
RI
C
IN
PU
TS
11
0,
00
0
ST
RA
IT
S
OF
MA
CK
IN
AC
IN
PU
T
FR
OM
LA
KE
MI
CH
IG
AN
10
,1
00
,0
00
ST.
MAR
YS
RIV
ER
INP
UT
FRO
M L
AKE
SUP
ERI
OR
4,0
20,
000
TOTAL INPUTS 23,400,000
TO
TA
L
OU
TP
UT
S
(V
IA
TH
E
ST.
CL
AI
R
RI
VE
R)
24
,6
00
,0
00
  
OBSERVATIONS AND COMMENTS
1.
Tr
ib
ut
ar
ie
s
ac
co
un
t
fo
r
38
%
of
th
e
to
ta
l
in
pu
ts
,
ab
ou
t
eq
ua
ll
y
di
vi
de
d
between U.S. and Canadian sources.
2.
Int
erl
ake
tra
nsp
ort
fro
m L
ake
Sup
eri
or
and
Lak
e M
ich
iga
n
acc
oun
t
for
60%
of
th
e
to
ta
l
in
pu
ts
.
Mo
st
of
th
is
is
fr
om
La
ke
Mi
ch
ig
an
.
3.
The
meas
ured
outp
ut w
as 5
% gr
eate
r th
an t
he t
otal
inpu
ts.
This
is a
very close balance and indicates that the lake is close to steady state
for total dissolved solids.
4.
The
load
ings
from
muni
cipa
l,
indu
stri
al,
and
trib
utar
y s
ourc
es a
re p
ro—
ject
ed t
o in
crea
se
62%
by 2
020.
This
assu
mes
that
the
pres
ent
gene
ral
level of waste treatment continues and that non—point source inputs re-
main constant. Therefore, the projected increase is entirely due to the
fore
cast
popu
lati
on i
ncre
ases
and
indu
stri
al e
xpan
sion
s.
No l
oadi
ng p
ro—
ject
ions
have
been
made
for
the
othe
r so
urce
s,
incl
udin
g at
mosp
heri
c in
—
puts.
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 TABLE 3.1-5
W
H
O
L
E
L
A
K
E
H
U
R
O
N
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
F
O
R
C
H
L
O
R
I
D
E
      
L
O
A
D
T
N
G
S
I
N
T
O
N
N
E
S
P
E
R
Y
E
A
R
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
T
O
T
A
L
M
U
N
I
C
I
P
A
L
I
N
D
s
U
T
R
I
A
L
S
A
M
P
L
E
D
U
N
S
A
M
P
L
E
D
.
M
I
C
H
I
G
A
N
4
,
3
4
0
1
0
,
7
0
0
4
0
5
,
0
0
0
5
4
,
4
0
0
4
7
4
,
0
0
0
O
N
T
A
R
I
O
3
,
2
7
0
7
,
8
8
0
2
4
5
,
0
0
0
2
2
,
6
0
0
2
7
9
,
0
0
0
A
T
M
O
S
P
H
E
R
I
C
I
N
P
U
T
S
4
9
,
0
0
0
S
T
R
A
I
T
S
0
P
M
A
C
K
I
N
A
C
I
N
P
U
T
F
R
O
M
L
A
K
E
M
I
C
H
I
G
A
N
-
4
0
1
,
0
0
0
S
T
.
M
A
R
Y
S
R
I
V
E
R
I
N
P
U
T
F
R
O
M
L
A
K
E
S
U
P
E
R
I
O
R
7
6
,
7
0
0
TOTAL
INPUTS
1,280,000
T
O
T
A
L
O
U
T
P
U
T
S
(
V
I
A
T
H
E
S
T
;
C
L
A
I
R
R
I
V
E
R
)
1
,
0
5
0
,
0
0
0
 
O
B
S
E
R
V
A
T
I
O
N
S
A
N
D
C
O
M
M
E
N
T
S
T
r
i
b
u
t
a
r
i
e
s
a
c
c
o
u
n
t
f
o
r
5
7
%
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
s
.
I
n
t
e
r
l
a
k
e
t
r
a
n
s
p
o
r
t
f
r
o
m
L
a
k
e
M
i
c
h
i
g
a
n
v
i
a
t
h
e
S
t
r
a
i
t
s
o
f
M
a
c
k
i
n
a
c
a
n
d
L
a
k
e
S
u
p
e
r
i
o
r
v
i
a
t
h
e
St.
M
a
r
y
s
R
i
v
e
r
a
c
c
o
u
n
t
f
o
r
3
7
%
o
f
t
h
e
t
o
t
a
l
i
n
—
p
u
t
s
.
M
o
s
t
o
f
t
h
i
s
is
f
r
o
m
L
a
k
e
M
i
c
h
i
g
a
n
.
T
h
e
m
e
a
s
u
r
e
d
o
u
t
p
u
t
is
8
2
%
of
the
t
o
t
a
l
i
n
p
ut
s
.
T
h
i
s
is
a
f
a
i
r
l
y
g
o
o
d
b
a
l
a
n
c
e
.
H
o
w
e
v
e
r
,
C
h
l
o
r
i
d
e
i
o
n
is
e
a
s
i
l
y
m
e
a
s
u
r
e
d
a
n
d
d
o
e
s
n
o
t
t
e
n
d
to
c
h
a
n
g
e
f
o
r
m
or
settle
to
the
lakebottom.
It
s
h
o
ul
d
b
a
l
a
n
c
e
ve
r
y
closely.
The
d
i
f
f
e
r
e
n
c
e
w
o
u
l
d
indicate
that
c
h
l
o
r
i
d
e
is
i
n
c
r
e
a
s
i
n
g
toward
a
s
l
i
g
h
t
l
y
h
i
g
h
e
r
s
t
e
a
d
y
state
c
o
n
c
e
n
t
r
a
t
i
o
n
.
The
loadings
from
municipal,
industrial,
and
tributary
sources
are
pro—
jected
to
increase
75%
by
2020.
This
assumes
that
the
present
general
level
of
waste
treatment
continues
and
that
non-point
source
inputs
re—
main
constant.
Therefore,
the
projected
increase
is
entirely
due
to
the
forecast
population
increases
and
industrial
expansions.
No
loading
pro—
jections
have
been
made
for
the
other
sources,
including
atmospheric
in—
puts.
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 TABLE 3.1—6
MAI
N L
AKE
HUR
ON
MAT
ERI
AL
BAL
ANC
E F
OR
TOT
AL
PHO
SPH
ORU
S (
AS
P)
       
LOADINGS IN TONNES PER YEAR
SO
UR
CE
DI
RE
CT
DI
RE
CT
TR
IB
UT
AR
Y
TO
TA
L
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
SA
MP
LE
D
UN
SA
MP
LE
D
MI
CH
IG
AN
62
67
1,
67
0a
17
2
1,
97
0
ON
TA
RI
O
8
O
34
8
81
43
7
AT
MO
SP
HE
RI
C
IN
PU
TS
45
0
ST
RA
IT
S
OF
MA
CK
IN
AC
IN
PU
T
PR
OM
LA
KE
MI
CH
IG
AN
255
ST
.
MA
RY
S
RI
VE
R
IN
PU
T
PR
OM
LA
KE
SU
PE
RI
OR
27
3
INP
UT
FRO
M
NOR
TH
CHA
NNE
L
261
INPU
T FR
OM C
EORC
IAN
BAY
74
T
O
T
A
L
IN
PU
TS
3,
72
0
TO
TA
L
OU
TP
UT
S
(V
IA
TH
E
ST.
CL
AI
R
RI
VE
R)
1,
08
0
 
a.I
ncl
ude
s
an
adj
ust
ed
val
ue
for
the
Sag
ina
w
Riv
er.
The adjustment was based
on the departure of streamflow from the annual average at the time of sampling (2).
OBSERVATIONS AND COMMENTS
Tr
ib
ut
ar
ie
s
ac
co
un
t
for
61
%
of
the
to
ta
l
in
pu
ts
.
Ca
na
di
an
tr
ib
ut
ar
y
in
pu
ts
ar
e
re
du
ce
d
co
ns
id
er
ab
ly
as
Ge
or
gi
an
Ba
y
an
d
No
rt
h
Ch
an
ne
l
ac
t
as
si
nk
s
fo
r
ph
os
ph
or
us
.
Th
e
Sa
gi
na
w
Ri
ve
r
is
the
la
rg
es
t
tr
ib
ut
ar
y
an
d
ac
co
un
ts
for
58
%
of
th
e
tr
ib
ut
ar
y
to
ta
l
an
d
35
%
of
al
l
in
pu
ts
to
th
e
lak
e.
Dir
ect
mun
ici
pal
and
ind
ust
ria
l s
our
ces
acc
oun
t f
or
onl
y a
bou
t 4
% o
f
the
tot
al
in
pu
ts
.
In
de
pe
nd
en
t
ca
lc
ul
at
io
ns
Sh
ow
th
at
42%
of
th
e
ph
os
ph
or
us
en
te
ri
ng
th
e
lak
e
via
tri
but
ari
es
ori
gin
ate
s
fro
m
ups
tre
am
mun
ici
pal
and
ind
ust
ria
l
dis
—
ch
ar
ge
s.
Th
us
,
ab
ou
t
29Z
of
the
to
ta
l
in
pu
ts
or
ig
in
at
e
fr
om
al
l
mu
ni
ci
pa
l
an
d
ind
ust
ria
l
dis
cha
rge
s.
Rec
ent
con
str
uct
ion
of
pho
sph
oru
s
rem
ova
l
fac
ili
tie
s
at
was
tew
ate
r
tre
atm
ent
pla
nts
has
red
uce
d
tot
al
pho
sph
oru
s
inp
uts
to
the
pre
sen
t
29
%
fr
om
a
so
me
wh
at
hi
gh
er
le
ve
l.
Ad
di
ti
on
al
fa
ci
li
ti
es
no
w
pl
an
ne
d
wi
ll
re
—
duc
e
the
tot
al
mun
ici
pal
and
ind
ust
ria
l
inp
ut
to
abo
ut
10%
.
In
te
rl
ak
e
tr
an
sp
or
t
fr
om
La
ke
Su
pe
ri
or
,
La
ke
Mi
ch
ig
an
,
No
rt
h
Ch
an
ne
l,
an
d
Geo
rgi
an
Bay
acc
oun
ts
for
abo
ut
23%
of
the
tot
al
inp
uts
.
Atm
osp
her
ic
inp
uts
acc
oun
t
for
abo
ut
12%
of
the
tot
al
inp
uts
.
Ab
ou
t
29%
of
th
e
in
pu
t
ph
os
ph
or
us
is
me
as
ur
ed
as
ou
tp
ut
.
Se
di
me
nt
at
io
n
of
ph
os
ph
or
us
is
us
ua
ll
y
qu
it
e
si
gn
if
ic
an
t
in
la
ke
s
of
th
is
typ
e.
Th
er
ef
or
e,
it
is
di
ff
ic
ul
t
to
te
ll
ho
w
mu
ch
of
th
e
di
ff
er
en
ce
is
du
e
to
se
di
me
nt
at
io
n
an
d
ho
w
muc
h r
esu
lts
in
inc
rea
sin
g c
onc
ent
rat
ion
s i
n t
he
lak
e.
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T
A
TABLE 3.1-7
M
A
I
N
L
A
K
E
H
U
R
O
N
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
F
O
R
T
O
T
A
L
N
I
T
R
O
G
E
N
(
A
S
N)
 
L
O
A
D
I
N
G
S
I
N
T
O
N
N
E
S
P
E
R
Y
E
A
R
       
SOURCE
'
MENTEERAL
INBRETREAL
TRIBUTARY
TOTAL
SAMPLED UNSAMPLED
MICHIGAN
325
467
24,800
3,760
29,400
ONTARIO
37
0
8,400
2,380
10,800
ATMOSPHERIC
INPUTS
34,000
STRAITS
OF MACKINAC
INPUT
PROM LAKE MICHIGAN
18,800
ST.
MARYS
RIVER
INPUT
FROM
LAKE
SUPERIOR
14,900
INPUT FROM NORTH CHANNEL
12,500a
INPUT FROM GEORGIAN BAY
4,880a
TOTAL INPUTS 125,000
TOTAL OUTPUTS (VIA THE ST. CLAIR RIVER) 76,000
 
a.Filtered nitrate plus nitrite
OBSERVATIONS AND COMMENTS
1.
Inputs of nitrogen are about equally
dividedbetween tributary, atmospheric,
and interlake transport sources.
About 41% of the total is from interlake
transport, 32% from tributaries, and 27% from atmospheric sources.
2. The measured output is about 61% of the total inputs. Sedimentation and
I
exchange with the atmosphere may be significant for nitrogen.
Therefore,
I
it is not known how much of the difference between input and output results
in increasing concentrations in the lake.
  
I
x
L
ee
TABLE 3.1—8
      
MAIN LAKE HURON MATERIAL BALANCE FOR REACTIVE SILICATE (AS 8102)
LOADINGS IN TONNES PER YEAR
SO
UR
CE
DI
RE
CT
DI
RE
CT
TR
IB
UT
AR
Y
TO
TA
L
MUN
ICI
PAL
IND
UST
RIA
L
SAM
PLE
D
UNS
AMP
LED
MIC
HIG
AN
488
843
85,
100
10,
300
96,
700
ONT
ARI
O
15
0
18,
100
2,7
60
20,
900
ATM
OSP
HER
IC
INP
UTS
7,5
10
STRA
ITS
OF M
ACKI
NAC
INPU
T PR
OM L
AKE
MICH
IGAN
70,9
00
ST.
MARY
S RI
VER
INPU
T FR
OM L
AKE
SUPE
RIOR
102,
000
INPUT FROM NORTH CHANNEL 84,700
INPU
T FR
OM G
EORG
IAN
BAY
48,3
00
TOTAL INPUTS 431,000
TOTAL OUTPUTS (VIA THE ST. CLAIR RIVER) 248,000
 
OBSERVATIONS AND COMMENTS
Interlake transport accounts for 71% of the total inputs. This is from Lake
Superior via the St. Marys River, Lake Michigan via the Straits of Mackinac,
and from Georgian Bay and North Channel.
Georgian Bay and North Channel provide very little reduction in silicate.
Essentially, all the silicate entering those water bodies reaches the Main
Lake.
Tributaries account for 27% of the total inputs.
The total output is about 58% of the total inputs.
Silicate loadings do not seem to depend on human civilization to any great
degree. This would indicate that the lake should be closer to steady state
than for other materials which are more strongly influenced by civilization.
For this reason it is surprising that there is not a better balance between
inputs and outputs. Perhaps sedimentation of diatoms is occurring.
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TABLE 3.1-9
MAIN
LAKE
HURON
MATERIAL
BALANCE
FOR
TOTAL
DISSOLVED
SOLIDS
       
LOADINGS
IN
TONNES
PER
YEAR
SOURCE
MSAEEEEAL
INBOETETAL
TRIBUTARY
TOTAL
SAMPLED UNSAMPLED
MICHIGAN
21,400
69,000
3,580,000
548,000
4,220,000
ONTARIO
1,700
0
2,020,000
304,000
2,330,000
ATMOSPHERIC INPUTS
72,000
STRAITS OP MACKINAC INPUT PROM LAKE MICHIGAN
10,100,000
ST. MARYS RIVER INPUT PROM LAKE SUPERIOR 2,730,000
INPUT
PROM NORTH
CHANNEL
4,910,000
INPUT PROM GEORGIAN BAY
1,740,000
TOTAL INPUTS 26,100,000
TOTAL OUTPUTS (VIA THE ST. CLAIR RIVER) 24,600,000
 
Interlake transport accounts for 75% of the total inputs.
Superior via the St. Marys River, Lake Michigan via the Straits of Mackinac,
OBSERVATIONS AND COMMENTS
North Channel and Georgian Bay.
Tributaries account for 25% of the total inputs.
Total outputs are about 94% of total inputs.
and indicates that the lake is near steady state for total dissolved solids.
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This is from Lake
This is a very good balance
    
TABLE 3.1—10
M
A
I
N
L
A
K
E
H
U
R
O
N
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
F
O
R
C
H
L
O
R
I
D
E
        
LO
AD
IN
GS
IN
TO
NN
ES
PE
R
YE
AR
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
T
O
T
A
L
M
U
N
I
C
I
P
A
L
I
N
D
U
S
T
R
I
A
L
S
A
M
P
L
E
D
U
N
S
A
M
P
L
E
D
M
I
C
H
I
G
A
N
4
,
3
4
0
1
0
,
7
0
0
4
0
5
,
0
0
0
5
4
,
4
0
0
4
7
4
,
0
0
0
O
N
T
A
R
I
O
3
8
3
0
1
1
0
,
0
0
0
1
3
,
8
0
0
1
2
4
,
0
0
0
A
T
M
O
S
P
H
E
R
I
C
I
N
P
U
T
S
3
3
,
0
0
0
S
T
R
A
I
T
S
O
F
M
A
C
K
I
N
A
C
I
N
P
U
T
F
R
O
M
L
A
K
E
M
I
C
H
I
G
A
N
4
0
1
,
0
0
0
S
T
.
M
A
R
Y
S
R
I
V
E
R
I
N
P
U
T
P
R
O
M
L
A
K
E
S
U
P
E
R
I
O
R
3
2
,
1
0
0
I
N
P
U
T
F
R
O
M
N
O
R
T
H
C
H
A
N
N
E
L
1
9
3
,
0
0
0
I
N
P
U
T
P
R
O
M
G
E
O
R
G
I
A
N
B
A
Y
EEE
EEE
EEE
E
8
7
,
4
0
0
T
O
T
A
L
I
N
P
U
T
S
1
,
3
6
0
,
0
0
0
T
O
T
A
L
O
U
T
P
U
T
S
(
V
I
A
T
H
E
S
T
.
C
L
A
I
R
R
I
V
E
R
)
1
,
0
5
0
,
0
0
0
 
O
B
S
E
R
V
A
T
I
O
N
S
A
N
D
C
O
M
M
E
N
T
S
T
r
i
b
u
t
a
r
i
e
s
a
c
c
o
u
n
t
f
o
r
4
3
%
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
s
.
I
n
t
e
r
l
a
k
e
t
r
a
n
s
p
o
r
t
f
r
o
m
L
a
k
e
S
u
p
e
r
i
o
r
,
L
a
k
e
M
i
c
h
i
g
a
n
,
N
o
r
t
h
G
e
o
r
g
i
a
n
B
a
y
a
c
c
o
u
n
t
f
o
r
5
4
%
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
s
.
T
h
e
o
u
t
p
u
t
i
s
7
7
%
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
s
.
b
e
t
w
e
e
n
i
n
p
u
t
s
a
n
d
o
u
t
p
u
t
s
.
H
o
w
e
v
e
r
,
v
e
r
y
c
l
o
s
e
s
i
n
c
e
i
t
i
s
a
n
e
a
s
i
l
y
m
e
a
s
u
r
e
t
e
n
d
t
o
c
h
a
n
g
e
f
o
r
m
o
r
s
e
t
t
l
e
t
o
t
h
e
l
a
k
e
h
o
t
t
o
m
.
w
o
u
l
d
i
n
d
i
c
a
t
e
t
h
a
t
c
h
l
o
r
i
d
e
i
s
i
n
c
r
e
a
s
i
n
g
t
o
w
a
r
s
t
e
a
d
y
s
t
a
t
e
c
o
n
c
e
n
t
r
a
t
i
o
n
.
d a slightly
68
Channel,
T
h
i
s
is
a
f
a
i
r
l
y
g
o
o
d
b
a
l
a
n
c
e
t
h
e
C
h
l
o
r
i
d
e
b
a
l
a
n
c
e
s
h
o
u
l
d
b
e
d
p
a
r
a
m
e
t
e
r
w
h
i
c
h
d
o
e
s
n
o
t
The difference
higher
 
and
 TABLE 3.l—ll
     
NOR
TH
CH
AN
NE
L
MA
TE
RI
AL
BA
LA
NC
E
FOR
TO
TA
L
PHO
SPH
ORU
S
(AS
P)
LOADINGS IN TONNES PER YEAR
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
SA
MP
LE
D
UN
SA
MP
LE
D
TO
TA
L
ON
TA
RI
O
60
14
93
0
28
1,
03
0
AT
MO
SP
HE
RI
C
IN
PU
TS
36
ST
.
MA
RY
S
RI
VE
R
IN
PU
T
FR
OM
LA
RE
SU
PE
RI
OR
I2
9
IN
PU
T
FR
OM
GE
OR
GI
AN
BA
Y
24
T
O
T
A
L
I
N
P
U
T
S
1
,
2
2
O
TO
TA
L
OU
TP
UT
S
(T
O
LA
KE
HU
RO
N)
26
1
  
OBSERVATIONS AND COMMENTS
1.
Tr
ib
ut
ar
ie
s
ac
co
un
t
fo
r
79
%
of
th
e
to
ta
l
in
pu
ts
.
Other inputs are minor.
Th
e
ma
jo
ri
ty
of
th
is
tr
ib
ut
ar
y
ph
os
ph
or
us
is
fr
om
la
nd
di
sc
ha
rg
e,
ra
th
er
t
h
a
n
m
u
n
i
c
i
p
a
l
o
r
i
n
d
u
s
t
r
i
a
l
p
o
i
n
t
s
o
u
r
c
e
s
.
2.
Ab
ou
t
22
%
of
th
e
in
pu
t
ph
os
ph
or
us
is
me
as
ur
ed
as
ou
tp
ut
.
th
e
ph
os
ph
or
us
is
re
ta
in
ed
in
No
rt
h
Thus,
69
much of
Ch
an
ne
l
an
d
do
es
no
t
re
ac
h
La
ke
Hu
ro
n.
   
TABLE 3.1-12
       
NORTH CHANNEL MATERIAL BALANCE FOR TOTAL NITROGEN (AS N)
LOADINGS IN TONNES PER YEAR
SOURCE DIRECT DIRECT TRIBUTARY TOTAL
MUNICIPAL INDUSTRIAL SAMPLED UNSAMPLED
ONTARIO 368 6,600 7,660 389 15,000
ATMOSPHERIC INPUTS 3,780
ST. MARYS RIVER INPUT PRON LAKE SUPERIOR 7,000
INPUT FROM GEORGIAN BAY 9303
TOTAL INPUTS 26,700
TOTAL OUTPUTS (TO LAKE HURON) 12,500a
.Filtered nitrate plus nitrite only
Tributaries account for 30% of the total inputs.
OBSERVATIONS AND COMMENTS
 
lnterlake transport from Lake Superior Via the St. Marys River and from
Georgian Bay account for 30% of the total inputs.
Direct municipal and industrial point sources account for 26% of the total
inputs.
tially controllable.
River.
The measured output is about 47% of the total inputs.
70
This is a relatively large portion of the nitrogen which is poten—
It is primarily from Canadian inputs to the St. Marys
TABLE 3.1-13
NORTH CHANNEL MATERIAL BALANCE FOR REACTIVE SILICATE (AS 8102)
 
LOADINGS IN TONNES PER YEAR
     
SOURCE DIRECT DIRECT TRIBUTARY
MUNICIPAL INDUSTRIAL SAMPLED UNSAMPLED TOTAL
ONTARIO 251 0 48,600 2,480 51,300
ATMOSPHERIC INPUTS 355
ST. MARYS RIVER INPUT FROM LAKE SUPERIOR 47,900
INPUT FROM GEORGIAN BAY 5,130
TOTAL INPUTS 105,000
TOTAL OUTPUTS (TO LAKE HURON) 84,700
  
OBSERVATIONS AND COMMENTS
Esse
ntia
lly
all
of t
he i
nput
s ar
e fr
om t
ribu
tari
es a
nd i
nter
lake
tran
spor
t,
with about half from each.
Sil
ica
te
loa
din
gs
do
not
see
m t
o d
epe
nd
on
hum
an
civ
ili
zat
ion
to
any
gre
at
deg
ree
.
Thi
s w
oul
d i
ndi
cat
e t
hat
Nor
th
Cha
nne
l s
hou
ld
be
ess
ent
ial
ly
at
ste
ady
sta
te.
The
out
put
s a
re
abo
ut
81%
of
inp
uts
, w
hic
h s
eem
s t
o v
eri
fy
the steady state condition.
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TABLE 3.1—14
       
NO
RT
H
CH
AN
NE
L
MA
TE
RI
AL
BA
LA
NC
E
FO
R
TO
TA
L
DI
SS
OL
VE
D
SO
LI
DS
LOADINCS IN TONNES PER YEAR
S
O
U
R
C
E
D
I
R
E
C
T
D
I
R
E
C
T
T
R
I
B
U
T
A
R
Y
T
O
T
A
L
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
SA
MP
LE
D
UN
SA
MP
LE
D
ON
TA
RI
O
6,
26
0
23
,6
00
63
4,
00
0
42
,4
00
70
6,
00
0
AT
MO
SP
HE
RI
C
IN
PU
TS
7,
98
0
ST
.
MA
RY
S
RI
VE
R
IN
PU
T
FR
OM
LA
KE
SU
PE
RI
OR
1,
29
0,
00
0
IN
PU
T
FR
OM
GE
OR
GI
AN
BA
Y
46
0,
00
0
TOTAL INPUTS 2,460,000
TO
TA
L
OU
TP
UT
S
(T
0
LA
KE
HU
RO
N)
4,
91
0,
00
0
 
OBSERVATIONS AND COMMENTS
In
te
rl
ak
e
tr
an
sp
or
t
fr
om
La
ke
Su
pe
ri
or
vi
a
th
e
St
.
Ma
ry
s
Ri
ve
r
an
d
fr
om
Ge
or
gi
an
Ba
y
ac
co
un
ts
fo
r
71
%
of
th
e
to
ta
l
in
pu
ts
.
Tr
ib
ut
ar
ie
s
ac
co
un
t
fo
r
27
%
of
th
e
to
ta
l
in
pu
ts
.
Me
as
ur
ed
ou
tp
ut
s
ar
e
ab
ou
t
do
ub
le
th
e
me
as
ur
ed
in
pu
ts
.
is
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This discrepancy
 
 TABLE 3.1-15
NORTH CHANNEL MATERIAL BALANCE FOR CHLORIDE
      
LOADINGS IN TONNES PER YEAR
SOURCE DIRECT DIRECT TRIBUTARY
MUNICIPAL INDUSTRIAL SAMPLED UNSAMPLED TOTAL
ONTARIO 1,020 7,880 56,400 2,240 67,500
ATMOSPHERIC INPUTS 3,360
ST. MARYS RIVER INPUT FROM LAKE SUPERIOR 24,600
INPUT FROM GEORGIAN BAY 18,100
TOTAL INPUTS 114,000
TOTAL OUTPUTS (TO LAKE HURON) 193,000
 
OBSERVATIONS AND COMMENTS
1. Tributaries account for 51% of the total inputs.
2. Interlake transport from Lake Superior and Georgian Bay accounts for 37% of
the total inputs.
3. Measured outputs are 69% greater than measured inputs.
measured and does not tend to change form or settle to the lakebottom.
fore, a better material balance should be expected.
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—TABLE 3.1—16
GE
OR
GI
AN
BA
Y
MA
TE
RI
AL
BA
LA
NC
E
FO
R
TO
TA
L
PH
OS
PH
OR
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(A
S
P)
       
LOADINGS IN TONNES PER YEAR
SO
UR
CE
DI
RE
CT
DI
RE
CT
TR
IB
UT
AR
Y
TO
TA
L
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
SA
MP
LE
D
UN
SA
MP
LE
D
ON
TA
RI
O
60
O
66
8
66
79
4
AT
MO
SP
HE
RI
C
IN
PU
TS
I3
4
OU
TP
UT
TO
LA
KE
HU
RO
N
74
OU
TP
UT
TO
NO
RT
H
CH
AN
NE
L
‘
24
TOTAL INPUTS 928
TOTAL OUTPUTS 98
 
 
OBSERVATIONS AND COMMENTS
I.
Tri
but
ari
es
acc
oun
t
for
79%
of
the
tot
al
inp
uts
.
2.
Dir
ect
mun
ici
pal
sou
rce
s
acc
oun
t
for
onl
y
abo
ut
6%
of
the
tot
al
inp
uts
.
Ind
epe
nde
nt
cal
cul
ati
ons
Sho
w
tha
t
abo
ut
5%
of
pho
sph
oru
s
ent
eri
ng
the
lak
e
via
tri
but
ari
es
ori
gin
ate
s
fro
m u
pst
rea
m
mun
ici
pal
and
ind
ust
ria
l
SOu
rce
s.
Thu
s,
abo
ut
10%
of
the
tot
al
inp
uts
ori
gin
ate
fro
m
all
mun
i—
cipal and industrial SOurces.
3.
Abo
ut
11%
of
the
inp
ut
pho
sph
oru
s
is
mea
sur
ed
as
out
put
.
Thu
s,
muc
h
of
the
pho
sph
oru
s
is
ret
ain
ed
in
Geo
rgi
an
Bay
and
doe
s
not
rea
ch
Lak
e H
uro
n.
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TABLE 3.1-17
  
GEORGIAN BAY MATERIAL BALANCE FOR TOTAL NITROGEN (AS N)
 
LOADINGS IN TONNES PER YEAR
     
SOURCE DIRECT DIRECT TRIBUTARY TOTAL
MUNICIPAL INDUSTRIAL SAMPLED UNSAMPLED
ONTARIO 314 0 10,000 927 11,200
ATMOSPHERIC INPUTS 14,200
OUTPUT TO LAKE HURON 4,880a
OUTPUT TO NORTH CHANNEL 930a
TOTAL INPUTS 25,400
TOTAL OUTPUTS 5,810a
a.Filtered nitrate plus nitrite only
OBSERVATIONS AND COMMENTS
Atmospheric inputs account for 56% of the total inputs.
Tributaries account for 43% of the total.
The measured output is only 23% of the total inputs.
exchange with the atmosphere may be significant for nitrogen.
Sedimentation and
Therefore,
it is not known how much of the difference between input and output re—
sults in increasing concentrations in Georgian Bay.
   
TABLE 3.1—18
GE
OR
GI
AN
BA
Y
MA
TE
RI
AL
BA
LA
NC
E
FO
R
RE
AC
TI
VE
SI
LI
CA
TE
(A
S
81
02
)
 
LOADINGS IN TONNES PER YEAR
      
SOU
RCE
DIR
ECT
DIR
ECT
TRI
BUT
ARY
TOT
AL
MU
NI
CI
PA
L
IN
DU
ST
RI
AL
SA
MP
LE
D
UN
SA
MP
LE
D
ONT
ARI
O
164
0
52,
200
5,1
10
57,
500
ATM
OSP
HER
IC
INP
UTS
1,3
40
OUT
PUT
TO
LAK
E H
URO
N
48,
300
OUT
PUT
TO
NOR
TH
CHA
NNE
L
5,1
30
TOTAL INPUTS 58,800
TOTAL OUTPUTS 53,400
OBSERVATIONS AND COMMENTS
1. Tributaries account for 98% of the total inputs.
2.
Sil
ica
te
loa
din
gs
do
not
see
m t
o d
epe
nd
on
hum
an
civ
ili
zat
ion
to
any
gre
at
Thi
s w
oul
d i
ndi
cat
e t
hat
Geo
rgi
an
Bay
sho
uld
be
ess
ent
ial
ly
at
The outputs are about 91% of inputs, which seems to verify
degree.
steady state.
the steady state condition.
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 TABLE 3.1-19
GEORGIAN BAY MATERIAL BALANCE FOR TOTAL DISSOLVED SOLIDS
SOURCE
LOADINGS IN TONNES PER YEAR
 
DIRECT
DIRECT
TRIBUTARY
      
MUNICIPAL
INDUSTRIAL
SAMPLED
UNSAMPLED
TOTAL
ONTARIO 10,100 0 1,690,000 181,000 1,880,000
ATMOSPHERIC INPUTS 30,000
OUTPUT TO LAKE HURON 1,740,000
OUTPUT TO NORTH CHANNEL 460,000
TOTAL INPUTS 1,910,000
TOTAL OUTPUTS 2,200,000
 
1. Tributaries account for 98% of the measured inputs.
OBSERVATIONS AND COMMENTS
2. Measured outputs are about lZZ greater than the measured inputs. This is
a fairly good balance and indicates that Georgian Bay is fairly close to
steady state for total dissolved solids.
 
 TABLE 3.1-20
GEORGIAN BAY MATERIAL BALANCE FOR CHLORIDE
LOADINGS IN TONNES PER YEAR
      
TRIBUTARY
SOURCE MBIIEEEAL INBIEIEIAL SAMPLE, UNSAMPLED TOTAL
ONTARIO 1,860 0 78,500 6,570 86,900
ATMOSPHERIC INPUTS 12,600
OUTPUT TO LAKE HURON
87,400
OUTPUT TO NORTH CHANNEL
18,100
TOTAL INPUTS 99,500
TOTAL OUTPUTS 106,000
 
OBSERVATIONS AND COMMENTS
1. Tributaries account for 86% of the total inputs.
2. Measured outputs are about 7% greater than measured inputs.
excellent agreement between inputs and outputs.
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This is an
 IIIIIIIIIMI MIII IIIIIIISIIIIN "INNS
Municipal and industrial facilities have several characteristics
in common. Both are capable of discharging significant amounts of any
of the parameters addressed in this study. Only municipal and industrial
facilities which discharge directly to Lake Huron or are downstream
of tributary sampling stations are considered in this subchapter; their
locations are shown in Figure 3.2-1. Those which discharge to tributaries
are included with the tributary data presented in Chapter 3.3.
Municipal sewerage systems carry the wastes of their service area
to a single point for discharge. As a result, these systems accumulate
to measurable levels materials which occur naturally only in trace
amounts. Most municipal discharges contain primarily treated domestic
sewage. The composition of these discharges is fairly similar. However,
where large industrial discharges are treated along with the domestic
wastes, the effluent composition can be quite different.
Industrial facilities can be significant sources of material inputs
because of their size and use of otherwise unusual materials in their
production processes. They can be a source of materials which occur
naturally only in small amounts, or not at all. Their discharge to
the environment can be particularly hazardous.
QUANTITATIVE ESTIMATES OF MATERIAL BALANCE PARAMETER INPUTS
Direct municipal and direct industrial inputs of the five material
balance parameters (total nitrogen, total phosphorus, dissolved solids,
reactive silicate, and chloride) to Lake Huron are summarized in Table
3.2-1. The relative sizes of these contributions by U.S. and Canadian
sources are displayed graphically in Figure 3.2-2. The Michigan inputs
comprise a majority of the total loadings for dissolved solids, chloride,
and reactive silicate. Nitrogen inputs are primarily from Ontario sources.
Phosphorus inputs are about equal from Michigan and Ontario sources,
with a much larger portion of the total from municipal sources than
for the other four parameters.
These direct municipal and direct industrial inputs are summarized
in the material balances of Chapter 3.1, along with all other sources.
QUANTITATIVE ESTIMATES OF SIGNIFICANT PARAMETER INPUTS
Loading estimates for 39 parameters are listed in Table 3.2-2 for
the U.S. and Canadian municipal and industrial direct dischargers to
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Lake Huron. This listing includes all parameters of significance measured in
this study. These inputs are separated by sub-basins in Table 3.23. Included
are North Channel and St. Marys River, Georgian Bay, and Lake Huron proper.
Details of individual dischargers are shown in the project reports (1, 2).
METHODS OF LOADING ESTIMATION
Michigan and Ontario computed estimates of their respective municipal and
industrial inputs to Lake Huron. The sampling methods are described below.
If additional information is desired on particular surveys of individual
discharges, the appropriate jurisdiction should be contacted.
MICHIGAN
The data used to compute loading estimates for Michigan's direct muni-
cipal and industrial discharges were obtained from samples collected by the
state. During the two-year study period, one or two 24—hour surveys were
conducted for each discharger. Samples were collected, composited over time,
and proportioned for flow. Grab samples were taken for a few parameters which
could not be composited. Loadings were computed by multiplying the concentra—
tions by the discharge flows averaged over the 24—hour survey period.
ONTARIO
For Ontario's municipal discharges, all parameters except heavy metals
and minerals (Na, K, Ca, Mg) were sampled monthly by the dischargers. These
samples were simple grab composites over 8- to 24-hour periods. The heavy
metals samples were collected similarly three times per year, while the
minerals were sampled once per year. Loadings were computed by multiplying
the concentrations by the mean daily flows from operating data averaged over
the survey years.
The samples for industrial discharges were collected in a similar manner
by the dischargers. All parameters were sampled quarterly and the samples
were grab composites over 12— to 24-hour periods. Loadings were computed by
multiplying the concentrations by average flows representative of the survey
periods. In many instances additional data were used from daily industrial
sampling programs.
EVALUATION OF THE ACCURACY OF THE ESTIMATES
Two major considerations affect the accuracy of the loading estimates.
One is how well the collected data represent the facility at the time of
sampling. The second is how well the operating conditions of the facility
during the survey characterize the year-round discharge.
80
    
"
'
P
a
p
e
r
(
3
0
.
,
ﬁ
g
o
t
t
r
‘
i
a
S
t
e
e
\
C
o
r
p
.
L
 
   
  
SauIt Ste, Marie WWTP
 
r
      
   
    
  
 
    
 
   
  
   
 
     
   
 
\ _\ \ ONTARIO
US. Steel Corp, ‘ ,..-_ ﬂ \‘ﬂ :\\\. /'\ A
Cedarville
Q‘vgﬁrummo‘n-d Dolomite,/
v
A\\ ,7
5L
'5\ A Drummond Island~/‘ \ Little Current WWTPQﬁ‘ A
St. Ignaee WWTP\'\ 4‘ \ AJ 1' L % L..\”\ /\ A ,r:_‘
k
w
g
m
g
g
n
a
c
Island
WWTP
[IE v,”
Gore_iait_y)wwrp
[A
V
“\I
©
\\\
\
Assiginack —-
/
—-
‘\
Manitowaning
WWTP
\\
‘x \\
\ / GEORGIAN \
\\ \\ ﬂ
\ BAY
\\ ~ r,
I
‘t //A ~——‘\, \\
‘ \
St. Edmunds — Tobermory WWTP
  
  
\ Ontario Hospital WWTP ’I
AmabeI — \
l
3“
\
\
Penetanguishene
—
\
l
k
         
   
  
   
  
ONTARIO
L A K E ., V , F
J _ \(3 , C
H U R O N Sauble Beach WWTP ‘Wianon WWTP y m ‘5 I
K \ Port McNICOII WWTP
‘ f \ » Midland WWTP
‘I Owen Sound WWTP ’ I Penetangutshene WWTP
‘| Meatord wap \ asaga Beach WWTP
lI / Thornbury WWTP CoIIingwood WWTP
l
M'CH'GAN Tawas City WWTP I.
I
 
Kincardine WWTP
 
   
\\ Goderich WWTP
Detroit Edison. Harbor Beach
Hercules Corp., Harbor Beach
. ‘ .
N
   
  
  
Dow Chemical Co. Bay City
Agrico Chemical Co, Bay Cit
General Motors Corp.. Bay City
  
Grand Bend WWTP
 
   
FIGURE 3.2-I
LAKE
HURON
BASIN
MUNICIPAL
AND
INDUSTRIAL
DIRECT
DISCHARGERS
US AND CANADIAN FACILITIES SURVEYED
JULY |973 ' JUNE I975
81
 
8
2
 
TA
BL
E
3.
2—
1
MUNI
CIPA
L AN
D IN
DUST
RIAL
DIRE
CT D
ISCH
ARGE
S 0F
MATE
RIAL
BAIA
NCE
PARA
METE
RS T
0 LA
KE H
URON
JULY
1973
- JUN
E 19
75
Parameter
M
e
C
‘
.
L o a d
i n g (
kg/d)
M i c
h i g
a n
Mu
ni
ci
pa
l
a
0 n
t a r
1 o
( 2
Munici
pal
Indu
( l )
Ind
ust
ria
l
 
A
0
3
tri
al
Tot
al
Lo
ad
in
g
(kg/d)
 
Tot
al
Nitr
ogen
as N
Tot
al
Phosphorus
as
P
Disso
lved
Sol
ids
Reac
tive
Si
li
ca
te
as
S
i
0
2
Ch
lo
ri
de
1,97
0
18,1
00
891
1,28
0
351
37
170
184
49,60
0
64,60
0
58,50
0
189,0
00
1,23
0
Not
Samp
led
1,34
0
2,31
0
8,9
50
21,
600
11,
900
29,
200
     
22,200
74
2
362,000
4,880
71,700
 
 F
I
G
U
R
E
3.
2
-
2
L
A
K
E
H
U
R
O
N
B
A
S
I
N
I
W
H
O
L
E
L
A
K
E
M
A
T
E
R
I
A
L
B
A
L
A
N
C
E
P
A
R
A
M
E
T
E
R
S
R
E
L
A
T
I
V
E
C
O
N
T
R
I
B
U
T
I
O
N
S
B
Y
S
O
U
R
C
E
S
U
S
.
A
N
D
C
A
N
A
D
I
A
N
M
U
N
I
C
I
P
A
L
A
N
D
I
N
D
U
S
T
R
I
A
L
D
I
R
E
C
T
L
A
K
E
D
I
S
C
H
A
R
G
E
S
J
U
L
Y
I973
-
JUNE
I975
IOO
IOO
TOTAL
NITROGEN
TOTAL
PHOSPHORUS
DISSOLVED
SOLIDS
CHLORIDE
REACTIVE
SILICATE
22,200
kg/d
asN
742
kg
/d
as P
362,000
kg /d
7|,700
k g/d
4,880
kg/d
as SiOz
  
'°%E
PORTION
FROM
MUNICIPAL
SOURCES
PORTION
FROM
I
N
D
U
S
T
R
I
A
L
S
O
U
R
C
E
S
     
.
/
 
370/0
6
0
-
24
°/o
 
  
8
3
 
  
50-—
 
I
9
N
O
I
L
O
I
o
s
w
n
r
A
8
s
m
l
e
'
I
V
I
H
L
S
F
I
O
N
I
 
9
0
%
;
 
:
/
/
/
/
/
/
/
4
8
°/o
  
7
6
°
/
o
 
4
3
%
§
63
%
2
0
-
7
1
%
20
 
7
|
°
/
o
\
\
4
3
%
57
°/o
25
°/o
520/0
 
I
O
O
O
/
o
E3333 4I°/o
57 0/“
“
/
/
/
/
/
  
 
5
9
0
/
0
I
0
7
0
IO
°/o
5
2
°/o
O
                
C
I
N
V
m
u
m
a
n
:
I
O
1
N
3
3
8
3
d
  
/
/
/
/
/
/
/
/
   
a
n
°
\
O
(
I
)
V
o
O
I
H
V
L
N
O
3
2
°/o
0
°
\
0
O
I
H
V
i
N
O
O
I
U
V
L
N
O
N
V
O
I
H
D
I
W
I
H
V
L
N
O
N
V
O
I
H
D
I
W
/
/
/
/
/
/
/
§
N
V
9
I
H
D
I
W
N
V
O
I
H
O
I
W
/
€
B
O
I
U
V
L
N
O
N
V
O
I
H
D
I
W
 
 
 
 TABLE 3.2-2
T
O
T
A
L
MU
NI
CI
PA
L
A
N
D
IN
DU
ST
RI
AL
DI
RE
CT
DI
SC
HA
RG
ES
T0
LA
KE
HU
RO
N
J
U
L
Y
1
9
7
3
-
J
U
N
E
1
9
7
5
  
M
e
a
n
L
o
a
d
i
n
g
(k
g/
d)
Pa
ra
me
te
r
Mu
ni
ci
pa
l
In
du
st
ri
al
To
ta
l
Al
ka
li
ni
ty
as
Ca
CO
3
25
,0
00
71
,9
00
96
,9
00
Ar
se
ni
c
0.
23
2
9.
24
9.
47
Ba
ri
um
<0
.0
01
10
1
10
1
13
00
(5
Da
y
@
20
°C
)
7,
27
0
24
,9
00
32
,2
00
Ca
dm
iu
m
2.
23
2.
04
4.
27
Ca
lc
iu
m
6,
91
0
16
,9
00
23
,8
00
Ca
rb
on
,
To
ta
l
Or
ga
ni
c
No
t
Sa
mp
le
d
19
,7
00
19
,7
00
Ch
em
ic
al
Ox
yg
en
De
ma
nd
6,
71
0
12
3,
00
0
13
0,
00
0
Ch
lo
ri
de
20
,9
00
50
,8
00
71
,7
00
Ch
ro
mi
um
10
.9
2.
25
13
.1
Co
pp
er
19
.9
18
.7
38
.6
Cy
an
id
e
0.
21
5
2,
25
0
2,
25
0
Fl
uo
ri
de
79
.1
16
5
24
4
Ir
on
37
5
6,
51
0
6,
89
0
Le
ad
9.
12
14
.0
23
.1
Ma
gn
es
iu
m
1,
83
0
1,
78
0
3,
61
0
Ma
ng
an
es
e
30
.6
29
4
32
5
Me
rc
ur
y
0.
02
0
0.
31
5
0.
33
5
Ni
ck
el
19
.8
10
.2
30
.0
Ni
tr
og
en
,
To
ta
l
as
N
2,
86
0
19
,4
00
22
,2
00
Ni
tr
og
en
,
Or
ga
ni
c
as
N
1,
19
0
4,
79
0
5,
98
0
Ni
tr
og
en
,
Am
mo
ni
a
as
N
1,
25
0
14
,3
00
15
,6
00
Ni
tr
og
en
,
N0
3
+
N0
2
as
N
39
6
37
7
77
3
Oi
l
-
Gr
ea
se
79
8
2,
80
0
3,
60
0
Pe
st
ic
id
es
0.
00
3
0.
04
0
0.
04
3
Ph
en
ol
s
4.
84
47
7
48
2
Ph
os
ph
or
us
,
To
ta
l
as
P
52
1
22
1
74
2
Ph
os
ph
or
us
,
Re
ac
ti
ve
P0
4
as
P
26
2
52
.0
31
4
Ph
th
al
at
es
0.
03
4
2.
09
2.
12
Po
ly
ch
lo
ri
na
te
d
Bi
ph
en
yl
0.
10
5
0.
02
2
0.
12
7
Po
ta
sS
iu
m
1,
72
0
4,
29
0
6,
01
0
Se
le
ni
um
<0
.0
01
2.
09
2.
09
Si
li
ca
te
,
Re
ac
ti
ve
as
Si
02
2,
57
0
2,
31
0
4,
88
0
So
di
um
18
,3
00
30
,0
00
48
,3
00
So
li
ds
,
To
ta
l
11
6,
00
0
34
8,
00
0
46
4,
00
0
So
li
ds
,
Di
ss
ol
ve
d
10
8,
00
0
25
4,
00
0
36
2,
00
0
So
li
ds
,
Pa
rt
ic
ul
at
e
7,
23
0
10
5,
00
0
11
2,
00
0
Su
lf
at
e
as
80
4
16
,4
00
38
,9
00
55
,0
00
Zi
nc
38
.0
43
5
47
3
   
Th
e
to
ta
ls
sh
ow
n
ab
ov
e
re
pr
es
en
t
al
l
av
ai
la
bl
e
da
ta
.
However, some discharges
we
re
no
t
sa
mp
le
d
fo
r
al
l
pa
ra
me
te
rs
,
an
d
so
me
an
al
yt
ic
al
te
ch
ni
qu
es
va
ri
ed
be
—
tween the two jurisdictions.
84
F
o
r
de
ta
il
s,
c
o
n
s
ul
t
th
e
p
r
o
j
e
c
t
r
e
p
o
r
t
s
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i
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d
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p
r
e
c
i
s
i
o
n
a
n
d
a
c
c
u
r
a
c
y
s
t
a
t
i
s
t
i
c
s
c
a
n
b
e
c
o
n
s
u
l
t
e
d
f
o
r
g
r
e
a
t
e
r
detail (3).
S
i
m
i
l
a
r
l
y
,
t
h
e
a
c
c
u
r
a
c
y
o
f
t
h
e
b
e
s
t
f
l
o
w
m
e
a
s
u
r
e
m
e
n
t
i
s
a
b
o
u
t
t
1
0
%
,
w
h
i
l
e
o
t
h
e
r
s
m
a
y
b
e
o
n
l
y
i
2
5
%
a
c
c
u
r
a
t
e
.
I
n
g
e
n
e
r
a
l
,
t
h
e
a
c
c
u
r
a
c
y
o
f
t
h
e
p
r
o
d
u
c
t
o
f
t
w
o
e
s
t
i
m
a
t
e
s
i
s
l
i
m
i
t
e
d
b
y
t
h
e
l
e
s
s
a
c
c
u
r
a
t
e
f
a
c
t
o
r
o
f
t
h
e
p
r
o
d
u
c
t
.
T
h
e
r
e
f
o
r
e
,
e
i
t
h
e
r
f
a
c
t
o
r
c
a
n
b
e
limiting.
T
h
e
b
e
s
t
e
x
p
e
c
t
e
d
a
c
c
u
r
a
c
y
o
f
t
h
e
c
o
m
p
u
t
e
d
l
o
a
d
i
n
g
r
a
t
e
s
i
s
i
1
0
%
,
w
h
i
l
e
t
h
e
p
o
o
r
e
s
t
a
c
c
u
r
a
c
y
m
a
y
b
e
a
s
l
o
w
a
s
i
5
0
%
.
E
S
T
I
M
A
T
I
O
N
O
F
T
H
E
A
V
E
R
A
G
E
Y
E
A
R
-
R
O
U
N
D
L
O
A
D
I
N
G
T
h
e
a
c
c
u
r
a
c
y
o
f
t
h
e
o
v
e
r
a
l
l
l
o
a
d
i
n
g
e
s
t
i
m
a
t
e
d
e
p
e
n
d
s
o
n
h
o
w
w
e
l
l
t
h
e
s
u
r
v
e
y
(
o
r
s
u
r
v
e
y
s
)
c
h
a
r
a
c
t
e
r
i
z
e
s
t
h
e
y
e
a
r
-
r
o
u
n
d
d
i
s
c
h
a
r
g
e
.
T
h
i
s
d
e
p
e
n
d
s
o
n
n
u
m
e
r
o
u
s
f
a
c
t
o
r
s
w
h
i
c
h
c
a
u
s
e
f
l
u
c
t
u
a
t
i
o
n
s
i
n
t
h
e
q
u
a
l
i
t
y
a
n
d
q
u
a
n
t
i
t
y
o
f
d
i
s
c
h
a
r
g
e
s
.
T
h
e
r
e
f
o
r
e
,
f
o
r
r
e
l
a
t
i
v
e
l
y
c
o
n
s
t
a
n
t
d
i
s
c
h
a
r
g
e
s
,
s
u
c
h
a
s
m
u
n
i
c
i
p
a
l
s
e
w
a
g
e
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
,
t
h
e
e
s
t
i
m
a
t
e
m
a
y
w
e
l
l
b
e
q
u
i
t
e
a
c
c
u
r
a
t
e
.
H
o
w
e
v
e
r
,
f
o
r
t
h
e
m
o
r
e
v
a
r
i
a
b
l
e
i
n
d
u
s
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
,
the
e
s
t
i
m
a
t
e
m
a
y
n
o
t
b
e
n
e
a
r
l
y
so
good.
S
I
G
N
I
F
I
C
A
N
T
M
U
N
I
C
I
P
A
L
A
N
D
I
N
D
U
S
T
R
I
A
L
D
I
S
C
H
A
R
G
E
S
The
m
o
s
t
s
i
g
n
i
f
i
c
a
n
t
m
un
i
c
i
p
a
l
and
i
n
d
us
t
r
i
a
l
d
i
s
c
h
a
r
g
e
s
are
l
o
c
a
t
e
d
in
M
i
c
h
i
g
a
n
on
the
S
a
g
i
n
a
w
R
i
ve
r
and
its
tributaries.
T
h
e
y
are
i
n
c
l
ud
e
d
w
i
t
h
the
t
r
i
b
ut
a
r
y
i
n
p
ut
s
d
e
s
c
r
i
b
e
d
in
C
h
a
p
t
e
r
3.3.
The
effects
of
the
S
a
g
i
n
a
w
R
i
ve
r
on
Saginaw
Bay
are
discussed
in
Chapter
4.2.
Other
large
dischargers
include
the
Sault
Ste.
Marie,
Ontario,
industries,
Abitibi
Paper
Company
and
Algoma
Steel
Corporation.
These
two
facilities
account
for
about
84%
of
the
total
Canadian
municipal—industrial,
direct-
discharge
flow
into
Lake
Huron.
The
effects
on
the
receiving
water
are
d
i
s
c
u
s
s
e
d
i
n
C
h
a
p
t
e
r
4.3.
In
general,
there
are
few
significant
direct
point-source
discharges
to
Lake
Huron.
This
is
in
contrast
to
the
Lower
Lakes
which
have
many
large
inputs
from
municipal
and
industrial
sources.
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LA
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ac
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38
0
60
5
1.96
C
C
3.29
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c
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1.3
3
19
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4,250
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1,030
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d
0.0
04
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100
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000
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600
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c
c
c
c
47
2
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b
b
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b
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8.
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c
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8
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C
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9
1
b
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C
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27,800
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3,1
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6
.
5
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2
C
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b
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71
0
13,
000
6
.
1
5
9.
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0.2
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79
.1
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4.
65
4
9
1
13
.1
0.0
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.4
9
9
1
403
272
318
798
0.
00
3
0.
12
4
193
8
3
.
6
0.0
34
0.
07
8
1,0
40
C
1,410
12,100
65,
800
63,
200
1,850
11,300
29.8
 
71,900
2.
04
10
1
4,190
2.04
14,000
2,4
10
32,
900
29,200
2.25
0.
72
8
4.
08
165
2,3
60
14.0
1,290
12
2
0.3
15
10
.2
1,2
80
74
2
301
30
1
2,800
0.0
40
5.
48
184
52.0
2.09
0.
02
2
3,2
30
2.09
2,310
27,700
255,000
189,000
75,800
26,200
125
 
74,400
2.27
101
5,860
3.
64
15,
700
2,410
39,
700
42,
200
8.40
10
.1
4.
30
244
2,590
18
.7
1,
78
0
135
0.
32
2
23.6
2,270
1,150
573
619
3,600
0.0
43
5.60
37
7
136
2.12
0.10
4,2
70
2
.
0
9
3,
72
0
39,
800
321,
000
252,
000
77,
700
38,
000
155
Th
e
to
ta
ls
sh
ow
n
ab
ov
e
re
pr
es
en
t
al
l
av
ai
la
bl
e
da
ta
.
tw
ee
n
th
e
tw
o
ju
ri
sd
ic
ti
on
s.
a.
Th
er
e
ar
e
no
di
re
ct
in
du
st
ri
al
di
sc
ha
rg
es
to
Ge
or
gi
an
Ba
y.
b.
Not
sam
ple
d.
c.
As
su
me
d
no
t
pr
es
en
t
in
si
gn
if
ic
an
t
am
ou
nt
to
wa
rr
an
t
sa
mp
li
ng
.
d.
In
ta
ke
co
nc
en
tr
at
io
n
ex
ce
ed
s
ef
fl
u
e.
Be
lo
w
li
mi
ts
of
de
te
ct
ab
il
it
y.
en
t
co
nc
en
tr
at
io
n
(a
t
in
du
st
ri
al
fa
ci
li
ti
es
).
How
eve
r,
som
e d
isc
har
ges
wer
e n
ot
sam
ple
d f
or
all
par
ame
ter
s,
and
som
e a
nal
yti
cal
tec
hni
que
s v
ari
ed
be—
Fo
r
de
ta
il
s,
co
ns
ul
t
the
pr
oj
ec
t
re
po
rt
s
(1,
2).
 
 IIIIBIIIAIN "INNS
Tributaries
are
the
largest
source
of
material
inputs
to
Lake
Huron.
The
loadings
of
individual
tributaries
are
a
function
of
the
basin
size,
runoff
volume,
geology,
and
cultural
development.
Basins
with
large
populations
and
diverse
industries
contribute
larger
inputs
than
relatively
undeveloped
basins
of
similar
size.
Sources
of
materials
discharged
to
the
tributaries
include
municipal
and
industrial
point
sources,
combined
sewer
overflows,
stormwater
runoff
from
urban
and
rural
areas,
soil
erosion,
and
spills.
Because
of
this
tremendous
variation
in
the
types
of
inputs
to
the
tributaries,
they
contain
a
wide
variety
of
materials.
Tributary
flows
to
Lake
Huron
are
large.
Because
of
this,
large
amounts
of
most
materials
considered
in
this
study
enter
the
lake
via
the
tributaries.
The
tributaries
which
were
sampled
are
shown
in
Figure
3.3-1.
QUANTITATIVE
ESTIMATES
OF
MATERIAL
BALANCE
PARAMETER
INPUTS
The
measured
tributary
inputs
of
the
five
material
balance
parameters
(total
nitrogen,
total
phosphorus,
dissolved
solids,
reactive
silicate,
and
chloride)
to Lake
Huron
are
summarized by
jurisdiction
in Table
3.3-1.
As
shown
on
the
table,
tributary
inputs
from
the
unsampled
portion
of
the
basin were
also
estimated.
The
relative
sizes
of
these
contributions by U.S.
and Canadian jurisdictions are displayed graphically
in Figure 3.3—2.
These inputs are summarized in the material balances
of Chapter 3.1, along with all other sources.
QUANTITATIVE
ESTIMATES
OF
SIGNIFICANT
PARAMETER
INPUTS
Loading estimates
for 39 parameters are listed in Table
3.3-2 for
the land drainage and tributary inputs to Lake Huron.
This listing
includes all parameters of significance measured in this study.
These
inputs are separated by sub—basins in Table 3.3-3.
Included are North
Channel and St. Marys River, Georgian Bay, and Lake Huron proper.
Details of individual tributaries are shown in the project reports (1,
2).
METHODS OF LOADING ESTIMATION
Michigan and Ontario computed estimates of their respective land
drainage and tributary inputs to Lake Huron. The computations are described
below.
   
 MICHIGAN
Tr
ib
ut
ar
ie
s
we
re
sa
mp
le
d
tw
ic
e
pe
r
mo
nt
h
du
ri
ng
th
re
e
sp
ri
ng
mo
nt
hs
an
d
mo
nt
hl
y
du
ri
ng
th
e
re
ma
in
de
r
of
th
e
ye
ar
.
Gr
ab
sa
mp
le
s
we
re
co
ll
ec
te
d
to
de
te
rm
in
e
ma
te
ri
al
co
nc
en
tr
at
io
ns
.
Av
er
ag
e
st
re
am
fl
ow
s
on
th
e
da
ys
wh
en
sa
mp
le
s
we
re
ta
ke
n
we
re
de
te
rm
in
ed
fr
om
th
e
ap
pr
op
ri
at
e
Un
it
ed
St
at
es
Ge
ol
og
ic
al
Su
rv
ey
st
re
am
fl
ow
ga
ge
s.
Fo
r
th
os
e
tr
ib
ut
ar
ie
s
wi
th
ou
t
ga
ge
s,
in
st
an
ta
ne
ou
s
fl
ow
me
as
ur
em
en
ts
we
re
ma
de
at
th
e
ti
me
of
sa
mp
li
ng
.
Fo
r
so
me
un
ga
ge
d
tr
ib
ut
ar
ie
s,
st
ag
e—
di
sc
ha
rg
e
re
la
ti
on
sh
ip
s
we
re
de
ve
lo
pe
d
to
de
te
rm
in
e
fl
ow
at
th
e
ti
me
of
sa
mp
li
ng
.
In
al
l
ca
se
s,
th
e
da
il
y
fl
ow
an
d
as
so
ci
at
ed
da
il
y
pa
ra
me
te
r
co
nc
en
tr
at
io
ns
we
re
us
ed
to
co
mp
ut
e
da
il
y
lo
ad
in
g
ra
te
s.
Th
es
e
we
re
th
en
av
er
ag
ed
to
yi
el
d
me
an
lo
ad
in
g
ra
te
s
for the study period.
Th
e
Sa
gi
na
w
Ri
ve
r
wa
s
sa
mp
le
d
ev
er
y
tw
o
we
ek
s
th
ro
ug
ho
ut
th
e
ye
ar
.
Fo
r
to
ta
l
ph
os
ph
or
us
on
th
e
Sa
gi
na
w
Ri
ve
r
on
ly
,
th
e
ca
lc
ul
at
ed
lo
ad
in
g
va
lu
e
wa
s
ad
ju
st
ed
,
ba
se
d
on
th
e
de
pa
rt
ur
e
of
st
re
am
fl
ow
fr
om
th
e
an
nu
al
av
er
ag
e,
at
th
e
ti
me
of
sampling (5).
Th
e
st
re
am
s
sa
mp
le
d
di
d
no
t
co
mp
ri
se
th
e
en
ti
re
La
ke
Hu
ro
n
Ba
si
n.
Th
er
ef
or
e,
th
e
un
sa
mp
le
d
la
nd
dr
ai
na
ge
lo
ad
in
g
co
nt
ri
bu
ti
on
s
we
re
es
ti
ma
te
d
by
us
in
g
co
n—
ce
nt
ra
ti
on
s
an
d
fl
ow
s
pe
r
un
it
of
dr
ai
na
ge
ar
ea
fr
om
sa
mp
le
d
st
re
am
s
ha
vi
ng
si
mi
—
la
r
ge
og
ra
ph
ic
ch
ar
ac
te
ri
st
ic
s.
Lo
ad
in
gs
we
re
th
en
de
te
rm
in
ed
by
mu
lt
ip
ly
in
g
un
sa
mp
le
d
dr
ai
na
ge
ar
ea
s
by
fl
ow
pe
r
un
it
of
ar
ea
an
d
by
co
nc
en
tr
at
io
n.
ONTARIO
On
ta
ri
o'
s
tr
ib
ut
ar
ie
s
we
re
gr
ab
sa
mp
le
d
th
re
e
to
fi
ft
ee
n
ti
me
s
pe
r
ye
ar
,
de
pe
nd
in
g
on
th
e
pa
ra
me
te
r.
Th
e
pa
ra
me
te
rs
wi
th
gr
ea
te
r
va
ri
at
io
n
we
re
sa
mp
le
d
mo
re
of
te
n.
Lo
ad
in
g
es
ti
ma
te
s
we
re
ba
se
d
on
th
e
pr
od
uc
t
of
th
e
av
er
ag
e
co
nc
en
tr
a—
ti
on
s
an
d
th
e
av
er
ag
e
fl
ow
s
fo
r
th
e
st
ud
y
pe
ri
od
.
At
sa
mp
li
ng
st
at
io
ns
wi
th
ou
t
st
re
am
ga
ge
s,
es
ti
ma
te
s
of
th
e
av
er
ag
e
st
ud
y
pe
ri
od
fl
ow
s
we
re
ma
de
,
ba
se
d
on
ne
ar
—
by
st
re
am
ga
ge
s.
Lo
ad
in
gs
fr
om
un
sa
mp
le
d
ar
ea
s
we
re
es
ti
ma
te
d
in
th
e
sa
me
wa
y
as
on the U.S. side.
EV
AL
UA
TI
ON
OF
TH
E
AC
CU
RA
CY
OF
TH
E
ES
TI
MA
TE
S
Tw
o
ma
jo
r
co
ns
id
er
at
io
ns
af
fe
ct
th
e
ac
cu
ra
cy
of
th
e
tr
ib
ut
ar
y
lo
ad
in
g
es
ti
m-
ate
s.
On
e
is
ho
w
we
ll
th
e
co
ll
ec
te
d
da
ta
re
pr
es
en
t
th
e
tr
ib
ut
ar
y
lo
ad
in
g
ra
te
at
th
e
ti
me
of
sa
mp
li
ng
.
Th
e
se
co
nd
is
ho
w
we
ll
th
e
sa
mp
le
d
lo
ad
in
g
ra
te
s
ch
ar
ac
-
te
ri
ze
th
e
me
an
an
nu
al
lo
ad
in
g
ra
te
.
ME
AS
UR
IN
G
TH
E
LO
AD
IN
G
RA
TE
AT
TH
E
TI
ME
OF
SA
MP
LI
NG
Th
e
ac
cu
ra
cy
of
th
e
in
st
an
ta
ne
ou
s
lo
ad
in
g
ra
te
de
pe
nd
s
on
wh
et
he
r
th
e
sa
mp
le
is
re
pr
es
en
ta
ti
ve
of
th
e
en
ti
re
st
re
am
,
as
we
ll
as
th
e
ac
cu
ra
cy
of
th
e
la
bo
ra
to
ry
an
al
ys
is
an
d
th
e
st
re
am
fl
ow
me
as
ur
em
en
t.
Fo
r
sm
al
l,
sw
if
t
st
re
am
s,
th
er
e
sh
ou
ld
be
alm
ost
com
ple
te
mix
ing
ver
tic
all
y
and
lat
era
lly
.
In
slo
wer
str
eam
s
the
mix
ing
wil
l
be
les
s
ide
al
ver
tic
all
y,
and
in
wid
er
str
eam
s
the
mix
ing
wil
l
be
les
s
ide
al
lat
era
lly
.
Sam
pli
ng
loc
ati
ons
wer
e
cho
sen
to
giv
e
the
bes
t
sam
ple
s p
oss
ibl
e.
How
eve
r,
the
acc
ura
cy
of
loa
din
g m
eas
ure
men
ts
der
ive
d f
rom
the
se
sam
ple
s w
ill
vary somewhat.
Th
e
la
bo
ra
to
ry
ac
cu
ra
cy
va
ri
es
wi
de
ly
fo
r
ea
ch
pa
ra
me
te
r.
So
me
de
te
rm
in
at
io
ns
ne
ar
th
e
de
te
ct
io
n
li
mi
t
ma
y
be
ac
cu
ra
te
to
wi
th
in
i
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 TABLE 3.3—2
TRIBUTARY INPUTS To LAKE HURON
JULY 1973 - JUNE 1975
   
M
e
a
n
L
o
a
d
i
n
g
(kg/d)
Sampled Unsampled
Parameter
Basin
Basin
Total
Alkalinity
as
CaCO3
5,010,000
829,000
5,840,000
Arsenic
1,250
80.9
1,330
Barium
6,850
590
7,440
BOD
(5
Day
@
20°c)
390,000
25,900
416,000
Cadmium
2,020
160
2,180
Calcium
3,740,000
535,000
4,280,000
Carbon,
Total
O
r
g
a
n
i
c
1
,
6
0
0
,
0
0
0
1
8
5
,
0
0
0
1
,
7
9
0
,
0
0
0
C
h
e
m
i
c
a
l
O
xyg
e
n
D
e
m
a
n
d
3
,
1
3
0
,
0
0
0
2
9
6
,
0
0
0
3
,
4
3
0
,
0
0
0
C
h
l
o
r
i
d
e
1
,
7
8
0
,
0
0
0
2
1
1
,
0
0
0
1
,
9
9
0
,
0
0
0
Chromium
1,500
115
1,620
Copper
3,510
207
3,720
Cyanide
508
38.2
546
F
l
uo
r
i
d
e
1
6
,
1
0
0
1,870
1
8
,
0
0
0
Iron
8
4
,
6
0
0
5,690
9
0
,
3
0
0
Lead
3
,
0
8
0
215
3,300
M
a
g
n
e
s
i
u
m
1
,
0
8
0
,
0
0
0
1
6
7
,
0
0
0
1
,
2
5
0
,
0
0
0
M
a
n
g
a
n
e
s
e
4
,
5
4
0
4
5
0
4
,
9
9
0
M
e
r
c
u
r
y
10.1
1.97
12.1
N
i
c
k
e
l
3
,
7
9
0
2
5
8
4
,
0
5
0
N
i
t
r
o
g
e
n
,
T
o
t
a
l
as
N
1
3
9
,
0
0
0
2
0
,
4
0
0
1
5
9
,
0
0
0
N
i
t
r
o
g
e
n
,
O
r
g
a
n
i
c
a
s
N
6
3
,
1
0
0
6
,
3
7
0
6
9
,
5
0
0
N
i
t
r
o
g
e
n
,
A
m
m
o
n
i
a
as
N
1
0
,
1
0
0
717
1
0
,
8
0
0
N
i
t
r
o
g
e
n
,
N
0
3
+
N
0
2
a
s
N
6
6
,
1
0
0
1
3
,
4
0
0
7
9
,
5
0
0
O
i
l
—
G
r
e
a
s
e
1
5
9
,
0
0
0
1
5
,
2
0
0
1
7
4
,
0
0
0
P
e
s
t
i
c
i
d
e
s
0
.
1
7
8
0
.
0
5
8
0
.
2
3
6
P
h
e
n
o
l
s
5
7
0
8
5
.
0
6
5
5
Phosphorus,
Total
as
P
9,870
950
10,800
P
h
o
s
p
h
o
r
u
s
,
R
e
a
c
t
i
v
e
P
0
4
a
s
P
4
,
8
6
0
4
3
1
5
,
2
9
0
P
h
t
h
a
l
a
t
e
s
1
7
4
N
o
t
D
e
t
e
c
t
a
b
l
e
1
7
4
P
o
l
y
c
h
l
o
r
i
n
a
t
e
d
B
i
p
h
e
n
y
l
1
.
5
5
0
.
5
3
3
2
.
0
8
P
o
t
a
s
s
i
u
m
1
8
5
,
0
0
0
2
4
,
1
0
0
2
0
9
,
0
0
0
S
e
l
e
n
i
u
m
1
3
4
1
1
.
1
1
4
5
Silicate,
Reactive
as
8102
559,000
56,700
616,000
S
o
d
i
u
m
9
9
9
,
0
0
0
1
1
2
,
0
0
0
1
,
1
1
0
,
0
0
0
S
o
l
i
d
s
,
T
o
t
a
l
2
4
,
7
0
0
,
0
0
0
3
,
2
1
0
,
0
0
0
2
7
,
9
0
0
,
0
0
0
S
o
l
i
d
s
,
D
i
s
s
o
l
v
e
d
2
1
,
7
0
0
,
0
0
0
2
,
9
4
0
,
0
0
0
2
4
,
6
0
0
,
0
0
0
S
o
l
i
d
s
,
P
a
r
t
i
c
u
l
a
t
e
2
,
8
8
0
,
0
0
0
2
0
0
,
0
0
0
3
,
0
8
0
,
0
0
0
S
u
l
f
a
t
e
a
s
8
0
4
2
,
9
7
0
,
0
0
0
3
5
9
,
0
0
0
3
,
3
3
0
,
0
0
0
Z
i
n
c
3
,
3
6
0
2
5
4
3
,
6
1
0
    
The
totals
shown
a
b
o
ve
r
e
p
r
e
s
e
n
t
all
a
va
i
l
a
b
l
e
data.
we
r
e
not
s
a
m
p
l
e
d
for
a
l
l
p
a
r
a
m
e
t
e
r
s
,
and
some
a
n
a
l
yt
i
c
t
w
e
e
n
t
h
e
t
w
o
j
u
r
i
s
d
i
c
t
i
o
n
s
.
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H
o
w
e
v
e
r
,
s
o
m
e
d
i
s
c
h
a
r
g
e
s
a
1
t
e
c
h
n
i
q
u
e
s
v
a
r
i
e
d
b
e
-
F
o
r
d
e
t
a
i
l
s
,
c
o
n
s
u
l
t
t
h
e
p
r
o
j
e
c
t
r
e
p
o
r
t
s
(1,
2).
 
1
  
as
in
the
cas
e
of
tra
ce
amo
unt
s
of
hea
vy
met
als
.
Oth
er
det
erm
ina
tio
ns
may
be a
ccur
ate
to w
ithi
n +
5%.
Thus
, e
ach
para
mete
r mu
st b
e co
nsid
ered
sepa
rate
ly.
The
labo
rato
ry p
reci
sion
and
accu
racy
stat
isti
cs c
an b
e
consulted for greater detail (3).
Sim
ila
rly
, t
he
acc
ura
cy
of
the
bes
t s
tre
amf
low
mea
sur
eme
nt
is
abO
ut
: 1
0%,
whi
le
oth
ers
may
be
onl
y i
25%
acc
ura
te.
In
the
cas
e o
f t
hos
e
str
eam
flo
ws
est
ima
ted
fro
m o
the
r g
age
s,
the
acc
ura
cy
may
be
les
s.
In
gen
era
l,
the
acc
ura
cy
of
the
pro
duc
t o
f t
wo
est
ima
tes
is
lim
ite
d
by
the
lea
st
acc
ura
te
fac
tor
of
the
pro
duc
t.
The
ref
ore
,
for
a
giv
en
str
eam
and
par
ame
ter
, e
ith
er
fac
tor
can
be
lim
iti
ng.
The
bes
t
exp
ect
ed
acc
ura
cy
of
the
com
put
ed
loa
din
g r
ate
s
is
pro
bab
ly
abo
ut
t
10%
,
whi
le
the
poo
res
t
acc
ura
cy
may
be
as
low
as
i
50%
.
ES
TI
MA
TI
ON
OF
THE
AVE
RAG
E
YE
AR
-R
OU
ND
LOA
DIN
G
Th
e
ac
cu
ra
cy
of
the
ov
er
al
l
lo
ad
in
g
ra
te
de
pe
nd
s
on
ho
w
we
ll
the
sam
ple
s
cha
rac
ter
ize
the
who
le.
Thi
s
wil
l
var
y
for
eac
h
tri
but
ary
and
for
eac
h
par
ame
ter
.
It
is
dif
fic
ult
to
rig
oro
usl
y
cal
cul
ate
.
How
eve
r,
by
pe
rf
or
mi
ng
st
at
is
ti
ca
l
an
al
ys
es
on
de
se
as
on
al
iz
ed
da
ta
,
it
ha
s
be
en
es
ti
ma
te
d
th
at
th
e
es
ti
ma
te
s
ar
e
fr
om
t
10
%
to
i
25
%
ac
cu
ra
te
wi
th
30
samples over a two year period (4).
MOST SIGNIFICANT INPUT SOURCES
Th
e
Sa
gi
na
w
Ri
ve
r
is
th
e
mo
st
si
gn
if
ic
an
t
tr
ib
ut
ar
y
so
ur
ce
of
ma
te
ri
al
in
pu
t
to
La
ke
Hu
ro
n.
Ta
bl
e
3.
3-
4
li
st
s
th
e
Sa
gi
na
w
Ri
ve
r
lo
ad
in
gs
of
th
e
fi
ve
ma
te
ri
al
ba
la
nc
e
pa
ra
me
te
rs
.
Th
e
lo
ad
in
gs
ar
e
ex
pr
es
se
d
as
pe
rc
en
ta
ge
s
of
th
e
to
ta
l
Mi
ch
ig
an
an
d
On
ta
ri
o
mu
ni
ci
pa
l,
in
du
st
ri
al
,
an
d
tr
ib
ut
ar
y
lo
ad
in
gs
(e
xc
lu
di
ng
in
te
rl
ak
e
tr
an
sp
or
t
fr
om
La
ke
s
Su
pe
ri
or
an
d
Mi
ch
ig
an
an
d
ex
cl
ud
in
g
at
mo
sp
he
ri
c
in
pu
ts
).
As
sh
ow
n,
th
e
Sa
gi
na
w
Ri
ve
r
co
nt
ri
bu
te
s
fr
om
18
to
47
%
of
th
es
e
in
pu
ts
.
Al
l
ot
he
r
tr
ib
ut
ar
y
in
pu
ts
to
La
ke
Hu
ro
n
ar
e
sm
al
l
in
co
mp
ar
is
on
to
th
e
Sa
gi
na
w.
Fo
r
so
me
pa
ra
me
te
rs
,
in
cl
ud
in
g
to
ta
l
ph
os
ph
or
us
,
th
e
Sa
gi
na
w
Ri
ve
r
lo
ad
in
g
is
gr
ea
te
r
th
an
th
at
of
ei
th
er
th
e
St
.
Ma
ry
s
Ri
ve
r
or
th
e
St
ra
it
s
of
Ma
ck
in
ac
(s
ee
Ch
ap
te
r
3.
1)
.
Th
e
Sa
gi
na
w
Ri
ve
r
Ba
si
n
wa
s
ex
am
in
ed
to
id
en
ti
fy
wh
er
e
th
e
lo
ad
s
or
ig
in
at
e.
Th
e
in
pu
ts
of
th
e
4
ma
jo
r
tr
ib
ut
ar
ie
s
to
th
e
Sa
gi
na
w
Ri
ve
r
we
re
co
mp
ut
ed
(C
as
s,
Sh
ia
wa
ss
ee
,
Fl
in
t,
an
d
Ti
tt
ab
aw
as
se
e
Ri
ve
rs
).
In
re
la
ti
on
to
it
s
fl
ow
,
th
e
Ti
tt
ab
aw
as
se
e
Ri
ve
r
co
nt
ri
bu
te
s
a
di
sp
ro
po
rt
io
na
te
am
ou
nt
of
di
ss
ol
ve
d
so
li
ds
an
d
ch
lo
ri
de
.
Th
e
Fl
in
t
Ri
ve
r
co
nt
ri
bu
te
s
di
sp
ro
po
rt
io
na
te
am
ou
nt
s
of
to
ta
l
ph
os
ph
or
us
an
d
di
ss
ol
ve
d
so
li
ds
.
Do
w
Ch
em
ic
al
Co
mp
an
y
in
Mi
dl
an
d
an
d
th
e
Mi
ch
ig
an
Ch
em
ic
al
Co
mp
an
y
in
St
.
Lo
ui
s
ar
e
th
e
mo
st
si
gn
if
ic
an
t
di
sc
ha
rg
er
s
of
di
ss
ol
ve
d
so
li
ds
an
d
ch
lo
ri
de
s
to
th
e
Ti
tt
ab
aw
as
se
e
Ri
ve
r.
Th
e
Fl
in
t
mu
ni
ci
pa
l
se
wa
ge
tr
ea
tm
en
t
pl
an
t
is
th
e
mo
st
si
gn
if
ic
an
t
di
sc
ha
rg
er
of
di
ss
ol
ve
d
so
li
ds
a
n
d
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
to
th
e
F
l
i
n
t
R
i
v
e
r
.
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TABLE 3.3—3
TRIBUTARY INPUTS To LAKE HURON SUB—BASINS
JULY 1973 - JUNE 1975
Mean
Loading(kg/d)
N o r t h C h a n n e 1 A n d
St.
Marys
River
Georgian
Bay
Main
Lake
Huron
Sampled
Unsampled
Sampled
Unsampled
Samplvd
insamplcd
Parameter
Basin
Basin
Total
Basin
Basin
Total
Basin
Basin
'hmzﬂ
Alkalinity (CaC03)
a
a
a
a
a
a
5,010,000
829,000
“3,840,000
Arsenic
366
15.3
382
636
36.0
672
251
29.6
280
Barium
1,963
61.2
2,023
2,190
144
2,330
2,700
385
3,090
BOD5 (at 20"C)
199,000
2,460
201,000
55,400
5,780
61,200
136,000
17,700
154,000
Cadmium
647
30.6
678
1,090
71.9
1,160
287
57.8
345
Calcium
333,000
23,000
356,000
823,000
111,000
934,000
2,580,000
401,000
2,980,000
Carbon, Total Organix
242,000
10,700
253,000
423,000
31,600
455,000
932,000
143,000
1,080,000
Chem. Oxygen Demand
715,000
35,200
750,000
1,130,000
82,700
1,210,000
1,280,000
178,000
1,450,000
Chloride
155,000
6,120
161,000
215,000
18,000
233,000
1,410,000
187,000
1,600,000
Chromium
410
23.0
433
849
54.1
903
236
38.0
274
Copper
1,320
38.2
1,360
1,540
89.8
1,630
645
79.4
724
Cyanide
180
7.64
187
261
18.0
279
66.7
12.6
79.3
Fluoride
3,087
130
3,220
4,040
431
4,470
9,000
1,310
10,300
Iron
12,700
995
13,700
11,500
1,258
12,800
60,400
3,440
63,900
Lead
1,020
33.7
1,050
1,440
89.8
1,530
619
91.1
710
Magnesium
73,800
3,060
76,900
195,000
36,000
231,000
813,000
128,000
941,000
Manganese
1,800
76.4
1,880
1,640
180
1,820
1,100
194
1,290
Mercury
3.20
0.130
3.33
4.10.
0.250
4.35
2.80
1.59
4.39
Nickel
1,090
45.8
1,140
2,060
108
2,170
638
104
742
Nitrogen, Total as N
21,000
1,070
22,100
27,400
2,540
29,900
91,000
16,800
108,000
Nitrogen, Organic as N
11,600
750
12,400
17,800
1,310
19,100
33,700
4,310
38,100
Nitrogen, N83 as N
2,580
91.8
2,670
1,600
126
1,730
5,900
499
6,400
Nit., N03 + N02 as N
6,700
340
7,040
8,020
1,100
9,120
51,400
12,000
63,400
Oil — Grease
34,900
1,220
36,100
40,600
2,950
43,600
83,300
11,000
94,300
Pesticides
0.005
0.001
0.006
0.067
0.004
0.071
0.106
0.053
0.158
Phenols
132
5.36
138
163
10.8
174
275
68.8
344
Phos., Total as P
2,550
76.4
2,630
1,830
180
2,010
5,480
694
6,170
Phos., Reactive as P
1,060
53.6
1,110
1,180
36.0
1,220
2,620
341
2,960
Phthalates
a
a
a
a
a
a
174
b
174
PCB
0.100
0.003
0.103
0.059
0.007
0.067
1.39
0.523
1.9]
Potassium
36,700
2,600
39,300
59,000
6,820
65,800
89,700
14,700
104,000
Selenium
32.0
1.86
33.8
72.2
5.17
77.4
29.3
4.04
33.4
Silicate,Reac.as 5102 133,000
6,800
140,000
143,000
14,000
157,000
283,000
35,800
318,000
Sodium
105,000
4,600
109,000
152,000
14,400
166,000
742,000
92,500
834,000
Solids, Total
2,080,000
138,000
2,210,000
5,130,000
539,000
5,670,000
17,500,000
2,530,000
20,000,000
Solids, Dissolved
1,740,000
116,000
1,850,000
4,630,000
496,000
5,120,000
15,300,000
2,330,000
17,700,000
Solids, Particulate
328,000
21,400
349,000
504,000
43,100
547,000
2,050,000
135,000
2,190,000
Sulfate as 504
542,000
18,400
561,000
681,000
46,700
728,000
1,750,000
294,000
2,040,000
Zinc
873
49.7
922
1,570
108
1,680
917
95.8
1,010
9
4
           
The totals shown above represent all available data. However, some discharges were not sampled for all parameters, and some ana1ytica1 techniques varied be—
tween the two jurisdictions.
For details, Consult the project reports (1, 2).
a.
Not sampled
b. Below limits of detectability
 
 Ta
bl
e
3.
3—
5
li
st
s
po
in
t
an
d
no
n—
po
in
t
so
ur
ce
lo
ad
in
gs
to
th
e
Sa
gi
na
w
Ri
ve
r
as
pe
rc
en
ta
ge
s
of
th
e
to
ta
l
Sa
gi
na
w
Ri
ve
r
lo
ad
to
La
ke
Hu
ro
n.
Th
e
fi
rs
t
th
re
e
en
tr
ie
s
co
mp
ar
e
th
e
in
pu
ts
of
Mi
ch
ig
an
Ch
em
ic
al
Co
mp
an
y,
Do
w
Ch
em
ic
al
Co
mp
an
y,
an
d
al
l
ot
he
r
si
gn
if
ic
an
t
in
du
st
ri
es
of
th
e
Sa
gi
na
w
Ba
si
n.
Mi
ch
ig
an
Ch
em
ic
al
Co
mp
an
y
co
nt
ri
bu
te
s
3%
of
th
e
to
ta
l
ch
lo
ri
de
in
pu
t
an
d
2%
of
th
e
di
ss
ol
ve
d
so
li
ds
in
pu
t.
Do
w
Ch
em
ic
al
Co
mp
an
y
co
nt
ri
-
bu
te
s
27
%
of
th
e
to
ta
l
ch
lo
ri
de
lo
ad
in
g
an
d
12
%
of
th
e
di
ss
ol
ve
d
so
li
ds
.
Th
is
co
mp
ar
es
wi
th
al
l
ot
he
r
si
gn
if
ic
an
t
ba
si
n
in
du
st
ri
es
co
nt
ri
bu
ti
ng
on
ly
1%
of
th
e
ch
lo
ri
de
an
d
1%
of
di
ss
ol
ve
d
so
li
ds
.
Th
us
,
Mi
ch
ig
an
Ch
em
ic
al
Co
mp
an
y
an
d
Do
w
Ch
em
ic
al
Co
mp
an
y
ha
ve
gr
ea
te
r
in
pu
t
of
th
es
e
ma
te
ri
al
s
th
an
al
l
ot
he
r
ba
si
n
in
du
st
ri
es
co
mb
in
ed
.
Th
e
fo
ur
th
an
d
fi
ft
h
en
tr
ie
s
of
Ta
bl
e
3.
3—
5
co
mp
ar
e
th
e
in
pu
t
of
th
e
Fl
in
t
mu
ni
ci
pa
l
wa
st
ew
at
er
tr
ea
tm
en
t
pl
an
t
to
th
e
co
mb
in
ed
in
pu
t
of
al
l
ot
he
r
mu
ni
ci
pa
l
pl
an
ts
in
th
e
ba
si
n.
Fo
r
al
l
th
re
e
pa
ra
me
te
rs
,
th
e
in
pu
t
fr
om
Fl
in
t
is
ab
ou
t
eq
ua
l
to
th
e
co
mb
in
ed
in
pu
t
fr
om
ot
he
r
mu
ni
ci
pa
li
ti
es
.
Th
e
mo
st
si
gn
if
ic
an
t
in
pu
t
is
fo
r
ph
os
ph
or
us
,
wi
th
61
%
of
th
e
Sa
gi
na
w
Ri
ve
r
to
ta
l
or
ig
in
at
in
g
fr
om
mu
ni
ci
pa
l
se
wa
ge
tr
ea
tm
en
t
plants.
Th
e
la
st
ta
bl
e
en
tr
y
es
ti
ma
te
s
th
e
fr
ac
ti
on
of
th
e
in
pu
t
to
La
ke
Hu
ro
n
fr
om
th
e
no
n—
po
in
t
so
ur
ce
s
wi
th
in
th
e
Sa
gi
na
w
ba
si
n.
Th
is
is
es
ti
ma
te
d
by
su
bt
ra
ct
in
g
th
e
su
m
of
th
e
po
in
t
so
ur
ce
lo
ad
s
fr
om
th
e
t
o
t
a
l
S
a
g
i
n
a
w
b
a
s
i
n
lo
ad
to
L
a
k
e
Hu
ro
n.
Th
us
,
th
e
e
s
t
i
m
a
t
e
is
th
e
m
i
n
i
m
u
m
n
o
n
-
p
o
i
n
t
s
o
ur
c
e
lo
ad
,
b
e
c
a
us
e
al
l
po
in
t
so
ur
ce
in
pu
ts
ar
e
a
s
s
u
m
e
d
to
r
e
a
c
h
L
a
k
e
H
ur
o
n
.
T
h
e
e
s
t
i
m
a
t
e
is
p
r
o
b
a
b
l
y
b
e
t
t
e
r
f
o
r
d
i
s
s
o
l
v
e
d
s
o
l
i
d
s
a
n
d
c
h
l
o
r
i
d
e
,
w
h
i
c
h
do
n
o
t
s
e
t
t
l
e
ou
t,
t
h
a
n
f
o
r
p
h
o
s
p
h
o
r
u
s
.
 
 TABLE 3.3—4
SAGINAw RIVER LOADINGS T0 LAKE HURON
Parameter
Loading in kg/d
 
Land Source
Loading To
Lake Hurona
Saginaw River
Loading To
Lake Huron
Saginaw River
Loading as 2
0f Loading To
Lake Hurona
 
Total Phosphorus
as P
Chloride
Dissolved Solids
Reactive Silicate
as 8102
Total Nitrogen
as N
 
11,500
2,060,000
25,100,000
621,000
182,000
 
3,590b
960,000
6,160,000
111,000
50,800
 
31
47
25
18
28
a.Includes Michigan and Ontario municipal,
not
include
Lake
Michigan,
Lake
Superior
or
atmospheric
inputs.
b.Method
of
calculation
given
in
Reference
(5).
96
industrial
and
tributary
inputs;
does
 
 TABLE 3.3—5
INPUTS To THE SAGINAw RIVER
SHONN As PERCENTAGES OF THE SAGINAw RIVER LOADING To LAKE HURON
Saginaw Basin
    
Total
: Dissolved Phosphorus
g Input Source Chloride Solids as P
i
1 Michigan Chemical Co. 3% 2% < 1%
‘ St. Louis
Dow Chemical Co. 27% 12% < 1%
Midland
Other Industry 1% 1% < 1%
Saginaw Basin
Flint Municipal Sewage 5% 2% 30%
Treatment Plant
Other Municipalities 7% 3% 31%
Saginaw Basin
Non Point Sources3 57% 80% 39%
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.1.
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flow
and
conc
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are
discussed below.
ST. MARYS RIVER
Estimates of the output from Lake Superior were based on mean concentra-
tion measurements made by the Ontario Ministry of the Environment and the
Canada Centre for Inland Waters (CCIW) in Whitefish Bay in 1973; the data are
given in Chapters 4.1 and 5.3, respectively, of Volume III. The average 1973
flow of the St. Marys River used in the calculation was 2060 m3/s (1).
 
Sixty—eight percent of the flow of the St. Marys River is directed to the
main body of Lake Huron and 32% to the North Channel (2). Loadings to the
main body of Lake Huron and to the North Channel were also assumed to adhere
to this 68:32 ratio. The flow characteristics are discussed further in Chapter
5.1.
INTRALAKE TRANSPORT IN LAKE HURON
The flows used to calculate net mass exchange between Georgian Bay and
the North Channel, between the North Channel and Lake Huron proper, and between
Georgian Bay and Lake Huron proper are described in Chapter 5.1. The con-
centrations are based on 1974 CCIW cruise data, which are described in Chapter
5.3. In addition to the net phosphorus loading from Georgian Bay to the main
body of Lake Huron, given in Table 3.4-1, the phosphorus input associated with
the_gross flows directed toward Georgian Bay and toward Lake Huron are also
presented.
STRAITS 0F MACKINAC
The exchange of water between Lake Michigan and Lake Huron through the
Straits of Mackinac is exceedingly complex; the flow characteristics are
discussed in Chapter 5.1. Pinsak (3) calculated the net loadings for the five
material balance parameters by determining the flow direction and velocity and
measuring the concentrations of the constituents during the period August-
November 1973. The cross—section of the Straits was divided into panels and
net flows and mean concentrations were calculated at two—week intervals for
each panel. Because the water oscillates on a somewhat irregular short-term
basis in the Straits of Mackinac, the net flow for specific panels and time
99
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periods may be either eastward or westward and may consist of varying per—
centages of mixed Lake Huron and Lake Michigan water. Because of this char-
acteristic it is difficult to apply an average net flow to transport estimates.
The derived net transport values are summarized in Table 3.4—1. The table
also includes the estimated phosphorus input associated with the gross flow
from Lake Michigan to Lake Huron (5).
ST. CLAIR RIVER
Estimates of output from Lake Huron were based on mean concentration
measurements made by the University of Michigan and by the U.S. Environmental
Protection Agency in southern Lake Huron in 1973; the data are given in
Chapter 5.3. The average 1973—1974 flow of the St. Clair River used in the
calculation was 6200 mB/s (1). Open lake concentrations were used rather than
concentrations measured at the head of the St. Clair River because data from
the latter location include a contribution from material eroded from the
shoreline. This material does not become available to the lake water. There—
fore, loadings derived using concentrations measured at the head of the St.
Clair River are not suitable for whole—lake material balances. The following
loadings were calculated using concentration data (4) measured at the head of
the St. Clair River: total phosphorus = 2,450 t/a; total nitrogen = 91,400
t/a; reactive silicate = 157,000 t/a; total dissolved solids = 25,500,000 t/a;
chloride = 1,140,000 t/a.
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The term "bulk precipitation" is used to describe the total of
wet deposition via snow and rainfall, plus dry deposition through particulate
fallout and gas adsorption. The effect of this bulk precipitation on
lake chemistry has been relatively neglected until recent studies in
Scandinavia and selected regions of Canada and the United States. Early
studies were primarily concerned with acid rainfall. Recent studies
of atmospheric loadings, including the present study of the Upper Lakes,
have also considered nutrient, particulate, and metallic loadings.
Atmospheric inputs to Lake Huron are likely to be of significant impact
since direct lake-surface precipitation accounts for 24% of the Lake
Huron water supply. These inputs proceed directly to the euphotic zone,
thus having maximum biological impact.
    
Emissions to the atmosphere are categorized by airpollution source
regions. These source regions are used for air pollution assessment
by the U.S. Environmental Protection Agency (EPA) and the Ontario Ministry
of the Environment (MOE); emissions data were obtained from these two
agencies. Twenty—two U.S. source regions and eleven Canadian source
regions were considered to have significant impact on loadings to Lake
Huron. Percentage loadings of sulphate, phosphate, and trace metals
which ultimatelyreach Lake Huron from each source region are shown
in Table 3.5-l(l). The significant contribution of pollutants to Lake
Huron from distant source regions is indicative of the extent of long
range transport. Contributions from distant source regions often exceed
those from nearby sources.
ESTIMATES OF ATMOSPHERIC LOADINGS
Estimates of yearly deposition to Lake Huron are shown in Table 3.5-2.
These are best estimates derived primarily from the data collected
on the present study. Loadings have been divided into the northern
(north of a line from Tawas City to Tiverton) and southern portions
of the main lake with separate values shown for Georgian Bay and the
North Channel. Comparison of this atmospheric component of loading
to the total of all inputs to the lake is found in Chapter 3.1.
Atmospheric samples were collected from four sampling networks
operated by 1) Canadian Atmospheric Environment Service, 2) Canada Centre
for Inland Waters, 3) Michigan Department of Natural Resources (with
chemical analyses done by EPA), and 4) McMaster University (under contract
to MOE). These data were used with the atmospheric transport-deposition
models prepared by Acres (1) and Moroz (2) to estimate atmospheric loadings.
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Locations of sampling stations are shown in Figure 3.5-1.
Stations
were located in areas chosen to minimize the effect of local contamination
sources. Bulk samples of precipitation and dry fallout were collected
monthly from October, 1973 through June, 1975.
Buoy-mounted bulk samples were collected at five locations to determine
differences between onshore and offshore samples. Modified samplers
were installed at three stations to collect samples only during precipitation
II II
events .
Mathematical models were constructed by Acres (1) and Moroz (2).
The Acres model is a "box" model to predict bulk atmospheric loadings
using actual emissions and meteorological data as a basis. The model
develOped by Moroz considers only the dry deposition processes (particulate
and gaseous inputs) and is constructed based upon a Guassian plume, coupled
with Pasquil-Gifford diffusion curves. Both models use EPA and MOE
source strength data.
ACCURACY OF ESTIMATES
The quantitative loading estimates (Table 3.5-2) were obtained
from a summary of the experimental measurements with exception of particulate
data which were derived from model calculations only. Measured data
are subject to possible variability because of the nature of the samplers
and related methodology, potential contamination, seasonal differences,
and the completion of chemical analyses by five laboratories. Several
modes of comparison were utilized-- comparison of results from buoy/shore/tower
monthly stations, comparison of modeled versus meaSured results, comparison
of winter versus summer results, interlaboratory analytical comparisons,
and intercomparison of sample collector types.
Samplers from land and offshore (buoy) locations yield similar
results except that filtered sodium and particulates tend to be higher
in land samplers. Other land anomalies were related solely to local
influences.
Comparison of modeled versus measured results provided excellent
agreement where accurate emission data were available for model input.
Sulphate and nitrate depositions were the most accurate of predicted
values. Model results for other parameters, including chloride and
phosphorus, were poorly predicted, likely due to lack of source emissions
strength information.
Higher deposition of all parameters occurs during the warm weather
periods. This appears to be due to a combination of factors, including
the greater scavenging efficiency of rain compared to snow, reduced
winter biological activity, and increased re-entrainment of local dust
during summer.
The loading data shown for phosphorus in Table 3.5-2 is a modification
of measured data summarized by Acres (1). Because summer bulk sampler
measurements were subjected to local source errors, the data were not
105
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co
n
s
i
d
e
r
e
d
r
e
p
r
e
s
e
n
t
a
t
i
v
e
o
f
o
v
e
r
—
l
a
k
e
d
e
p
o
s
i
t
i
o
n
.
S
t
u
d
i
e
s
b
y
D
e
l
u
m
y
e
a
(
4
)
c
o
n
d
u
c
t
e
d
i
n
s
o
u
t
h
e
r
n
L
a
k
e
H
u
r
o
n
i
n
d
i
c
a
t
e
t
h
a
t
l
a
k
e
s
u
r
f
a
c
e
d
e
p
o
s
i
t
i
o
n
i
n
s
u
m
m
e
r
a
m
o
u
n
t
s
t
o
a
b
o
u
t
4
0
%
o
f
t
h
e
v
a
l
u
e
m
e
a
s
u
r
e
d
w
i
t
h
b
u
l
k
s
a
m
p
l
e
r
s
.
L
o
a
d
i
n
g
e
s
t
i
m
a
t
e
s
f
o
r
p
h
o
s
p
h
o
r
u
s
w
e
r
e
,
t
h
e
r
e
f
o
r
e
,
d
e
r
i
v
e
d
f
r
o
m
d
i
r
e
c
t
b
u
l
k
m
e
a
s
u
r
e
m
e
n
t
d
a
t
a
r
e
c
o
r
d
e
d
d
u
r
i
n
g
t
h
e
w
i
n
t
e
r
a
n
d
f
r
o
m
4
0
%
o
f
t
h
e
b
u
l
k
m
e
a
s
u
r
e
m
e
n
t
v
a
l
u
e
s
r
e
c
o
r
d
e
d
during summer.
F
o
r
a
c
o
m
p
l
e
t
e
d
i
s
c
u
s
s
i
o
n
o
f
c
o
n
f
i
d
e
n
c
e
i
n
t
h
e
e
s
t
i
m
a
t
e
d
d
a
t
a
s
e
e
A
c
r
e
s
(
1
)
or Berry (3).
E
S
T
I
M
A
T
E
O
F
F
U
T
U
R
E
T
R
E
N
D
S
T
h
e
d
i
v
e
r
s
i
t
y
o
f
p
r
e
s
e
n
t
s
o
u
r
c
e
s
a
n
d
t
h
e
c
h
a
n
g
i
n
g
n
a
t
u
r
e
o
f
i
n
d
u
s
t
r
i
a
l
p
r
o
c
e
s
s
e
s
m
a
k
e
t
h
e
p
r
e
d
i
c
t
i
o
n
o
f
f
u
t
u
r
e
l
o
a
d
i
n
g
s
u
n
c
e
r
t
a
i
n
.
P
r
e
s
e
n
t
f
i
n
d
i
n
g
s
i
n
d
i
c
a
t
e
s
i
g
n
i
f
i
c
a
n
t
l
o
a
d
i
n
g
s
o
f
m
a
n
y
p
a
r
a
m
e
t
e
r
s
d
u
e
t
o
l
o
n
g
r
a
n
g
e
t
r
a
n
s
p
o
r
t
.
C
o
n
t
i
n
u
e
d
i
n
d
u
s
t
r
i
a
l
g
r
o
w
t
h
w
i
l
l
u
n
d
o
u
b
t
e
d
l
y
r
e
s
u
l
t
i
n
c
o
n
t
i
n
u
e
d
i
n
c
r
e
a
s
e
o
f
l
o
a
d
i
n
g
s
u
n
l
e
s
s
f
u
r
t
h
e
r
c
o
n
t
r
o
l
m
e
a
s
u
r
e
s
a
r
e
i
m
p
l
e
m
e
n
t
e
d
.
T
h
e
f
a
c
t
t
h
a
t
b
u
l
k
p
r
e
c
i
p
i
t
a
t
i
o
n
e
n
t
e
r
s
t
h
e
e
u
p
h
o
t
i
c
z
o
n
e
d
i
r
e
c
t
l
y
a
n
d
i
s
i
m
m
e
d
i
a
t
e
l
y
a
v
a
i
l
a
b
l
e
t
o
t
h
e
b
i
o
t
a
m
a
k
e
s
i
t
a
n
i
m
p
o
r
t
a
n
t
s
o
u
r
c
e
o
f
p
o
l
l
u
t
a
n
t
s
.
W
i
t
h
o
u
t
f
u
r
t
h
e
r
c
o
n
t
r
o
l
o
f
m
a
j
o
r
s
o
u
r
c
e
s
o
f
a
i
r
e
m
i
s
s
i
o
n
s
,
t
h
e
c
o
n
t
i
n
u
e
d
i
m
p
a
c
t
o
n
L
a
k
e
H
u
r
o
n
w
i
l
l
b
e
d
e
t
r
i
m
e
n
t
a
l
.
T
h
e
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
o
f
n
i
t
r
o
g
e
n
a
n
d
p
h
o
s
p
h
o
r
u
s
a
p
p
e
a
r
t
o
c
o
n
s
t
i
t
u
t
e
a
b
o
u
t
1
0
-
3
0
%
o
f
t
h
e
t
o
t
a
l
i
n
p
u
t
t
o
t
h
e
l
a
k
e
o
f
t
h
e
s
e
t
w
o
n
u
t
r
i
e
n
t
s
.
T
h
i
s
i
n
p
u
t
r
a
t
e
m
a
y
r
e
d
u
c
e
t
h
e
e
f
f
e
c
t
i
v
e
n
e
s
s
o
f
c
o
n
t
r
o
l
o
f
o
t
h
e
r
i
n
p
u
t
s
o
u
r
c
e
s
s
u
c
h
a
s
t
r
i
b
u
t
a
r
i
e
s
a
n
d
w
a
s
t
e
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
.
T
H
E
L
I
M
I
T
A
T
I
O
N
S
O
F
T
H
E
D
A
T
A
T
h
e
s
e
p
r
e
l
i
m
i
n
a
r
y
e
s
t
i
m
a
t
e
s
i
n
d
i
c
a
t
e
t
h
e
m
a
g
n
i
t
u
d
e
o
f
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
t
o
L
a
k
e
H
u
r
o
n
r
e
l
a
t
i
v
e
t
o
o
t
h
e
r
s
o
u
r
c
e
s
(
s
e
e
C
h
a
p
t
e
r
3
.
1
)
.
T
h
e
y
a
r
e
b
a
s
e
d
o
n
s
h
o
r
t
p
e
r
i
o
d
s
t
u
d
i
e
s
w
i
t
h
n
e
e
d
f
o
r
c
o
n
f
i
r
m
a
t
i
o
n
o
f
i
n
i
t
i
a
l
r
e
s
u
l
t
s
,
v
e
r
i
f
i
c
a
-
t
i
o
n
o
f
t
h
e
s
a
m
p
l
i
n
g
t
e
c
h
n
i
q
u
e
s
,
a
n
d
g
r
e
a
t
e
r
c
o
o
r
d
i
n
a
t
i
o
n
o
f
c
h
e
m
i
c
a
l
a
n
a
l
y
s
e
s
.
M
o
r
e
e
x
p
e
r
i
m
e
n
t
a
l
i
n
f
o
r
m
a
t
i
o
n
w
i
l
l
a
l
s
o
s
t
r
e
n
g
t
h
e
n
m
a
t
h
e
m
a
t
i
c
a
l
m
o
d
e
l
l
i
n
g
e
f
f
o
r
t
s
t
h
r
o
u
g
h
v
e
r
i
f
i
c
a
t
i
o
n
o
f
t
h
e
a
m
o
u
n
t
a
n
d
e
x
t
e
n
t
o
f
r
e
g
i
o
n
a
l
t
r
a
n
s
p
o
r
t
.
T
h
e
e
f
f
e
c
t
s
o
f
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
o
n
w
a
t
e
r
b
o
d
i
e
s
a
n
d
t
h
e
i
r
b
i
o
l
o
g
i
c
a
l
c
o
m
m
u
n
i
t
i
e
s
h
a
v
e
n
o
t
b
e
e
n
c
o
m
p
l
e
t
e
l
y
d
o
c
u
m
e
n
t
e
d
.
H
o
w
e
v
e
r
,
b
i
o
l
o
g
i
c
a
l
d
i
s
r
u
p
-
t
i
o
n
s
h
a
v
e
b
e
e
n
o
b
s
e
r
v
e
d
i
n
s
o
f
t
w
a
t
e
r
l
a
k
e
s
d
u
e
t
o
t
h
e
e
f
f
e
c
t
s
o
f
p
H
c
h
a
n
g
e
s
c
a
u
s
e
d
b
y
a
t
m
o
s
p
h
e
r
i
c
i
n
p
u
t
s
a
n
d
d
u
e
t
o
t
o
x
i
c
o
r
g
a
n
i
c
s
w
h
i
c
h
e
n
t
e
r
e
d
f
r
o
m
t
h
e
atmosphere.
P
r
i
m
a
r
y
m
e
a
s
u
r
e
m
e
n
t
t
o
d
a
t
e
h
a
s
b
e
e
n
f
o
r
a
s
s
e
s
s
m
e
n
t
o
f
i
n
p
u
t
o
f
n
u
t
r
i
e
n
t
s
,
m
a
j
o
r
i
o
n
s
,
a
n
d
m
e
t
a
l
s
.
S
a
m
p
l
i
n
g
a
n
d
a
n
a
l
y
t
i
c
a
l
m
e
t
h
o
d
o
l
o
g
y
s
h
o
u
l
d
b
e
r
e
v
i
s
e
d
t
o
a
l
s
o
m
e
a
s
u
r
e
o
r
g
a
n
i
c
c
o
n
t
a
m
i
n
a
n
t
s
s
u
c
h
a
s
p
e
s
t
i
c
i
d
e
s
a
n
d
P
C
B
'
s
.
D
r
y
f
a
l
l
—
o
u
t
q
u
a
n
t
i
f
i
c
a
t
i
o
n
,
d
e
p
o
s
i
t
i
o
n
v
e
l
o
c
i
t
i
e
s
,
r
e
—
e
n
t
r
a
i
n
m
e
n
t
e
f
f
e
c
t
s
,
a
n
d
r
e
l
a
t
e
d
c
h
e
m
i
c
a
l
a
n
d
b
i
o
l
o
g
i
c
a
l
i
m
p
a
c
t
r
e
q
u
i
r
e
a
d
d
i
t
i
o
n
a
l
m
e
a
s
u
r
e
m
e
n
t
a
n
d
m
o
d
e
l
l
i
n
g
efforts.
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IﬂPllls
Sediment
inputs
from
shore
erosion
affect
water
quality
in
two
primary
ways.
First,
minerals
and
nutrients
may
dissolve
from
the
eroded
sediment.
Second,
nearshore
turbidity
may
cause
biological
and
aesthetic
problems.
Erosion
from
sand
and
gravel
beaches
and
bank
areas
is
of
little
concern,
but
finer
grained
materials
such
as
clays
can
cause problems.
ESTIMATES OF MATERIALS INPUTS
The U.S.
shore
of Lake
Huron
is
subject
to
local
erosion problems
for
approximately
28%
of
the mainland
shoreline
(l,
2).
The Michigan
shore
is
characterized by
low
shore
profiles,
sandy
beaches,
and
shallow
offshore
waters.
Comparison
of
early
aerial
photographs
with
recent
ones shows
a number
of areas where the shore has receded lO—lS m (2).
However,
the main concern of such erosion is property loss,
rather than
effects on water quality, because of the sandy nature of the eroded
material.
For this reason, chemical inputs from the U.S.
side are
considered to be negligible at present.
Data now being developed under
the IJC Pollution from Land Use Activities Reference Group (PLUARG)
are scheduled for completion in 1978.
The shoreline of Georgian Bay is primarily sandy pebbly beaches
and rock outcrops with occasional marshes and clay banks.
Erodible
shoreline is restricted.
In general, net accretion rather than recession
was observed, implying only a marginal contribution of eroded material
to Georgian Bay. Shallow water erosion likely is occurring to account
for beach formation. Similarly, the Canadian shoreline of Lake Huron
proper is mainly bedrock and consists of glacial deposits, sand, gravel,
and till with a few rock outcrops. A net recession has been observed.
However, as for erosion along the U.S. shoreline, because of the nature
of the eroded material, effects on water quality are minimal.
Environment Canada and the Ontario Ministry of the Environment
compiled data on the erodible Canadian shoreline of Lake Huron during
1973 and 1974. This was done in response to the high lake levels during
the fall of 1972 and spring of 1973. The study indicated that shore
damage was confined to the southern portion of Lake Huron (3).
Since erosion inputs are considered negligible for the U.S. shore,
the northern portion of the Canadian shore, and Georgian Bay, only the
southern portion of the Canadian shore is considered here. Even these
studies are limited and somewhat preliminary. They have beencarried
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TABLE 5.6—1
 
T
R
A
C
E
N
E
T
A
L
C
O
N
C
E
N
T
R
A
T
I
O
N
S
I
N
C
A
N
A
D
I
A
N
L
A
K
E
H
U
R
O
N
S
H
O
R
E
L
I
N
E
M
A
T
E
R
I
A
L
C
o
n
c
e
n
t
r
a
t
i
o
n
i
n
m
g
/
k
g
(
d
r
y
w
e
i
g
h
t
b
a
s
i
s
 
N
o
.
o
f
S
t
a
n
d
a
r
d
L
o
a
d
i
n
g
s
E
l
e
m
e
n
t
S
a
m
p
l
e
s
M
e
a
n
D
e
v
i
a
t
i
o
n
M
i
n
i
m
u
m
M
a
x
i
m
u
m
(
t
/
a
)
M
e
r
c
u
r
y
8
7
0
.
0
2
5
0
.
0
2
0
0
.
0
0
4
0
.
1
2
0
0
.
0
5
L
e
a
d
1
1
6
1
7
1
2
7
1
2
8
3
1
C
o
p
p
e
r
1
1
6
1
9
4
5
l
3
5
0
3
4
Z
i
n
c
1
1
6
3
0
2
6
7
1
8
2
5
4
N
i
c
k
e
l
1
1
6
1
5
9
4
4
6
2
7
C
o
b
a
l
t
1
1
6
l
l
6
3
2
4
2
0
C
h
r
o
m
i
u
m
1
0
0
2
5
2
3
3
1
8
9
4
5
C
a
d
m
i
u
m
1
1
6
1
.
3
0
.
5
1
2
2
.
3
B
e
r
y
l
l
i
u
m
a
T
T
T
T
T
T
V
a
n
a
d
i
u
m
1
1
6
3
8
2
4
1
0
1
1
6
6
8
S
t
r
o
n
t
i
u
m
1
1
6
1
8
3
5
3
1
0
2
3
2
8
3
2
9
M
o
l
y
b
d
e
n
u
m
1
1
4
3
.
1
2
.
7
l
2
3
5
.
6
A
r
s
e
n
i
c
b
1
1
6
3
.
1
4
.
1
1
1
3
5
.
6
S
e
l
e
n
i
u
m
a
-
—
—
—
—
—
   
a
.
A
l
l
s
a
m
p
l
e
s
l
e
s
s
t
h
a
n
t
h
e
b
.
3
9
o
f
1
1
6
s
a
m
p
l
e
s
l
e
s
s
t
h
a
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out
as
part
of
the
PLUARG
program
and
will
be
finalized
and
reported
later.
No
data
are
available
for
the
five
material
balance
parameters.
Trace
metal
analyses
and
loading
estimates
from
samples
along
the
southern
Lake
Huron
shoreline
are
summarized
in
Table
3.6—1.
In
general,
these
values
represent
background
levels,
although
a
full
interpretation
is
not
yet
possible,
pending
completion
of
the
PLUARG
studies.
See
Chapter
5.2
for
a
discussion
of
the
chemistry
of
open
water
sediments.
M
E
T
H
O
D
S
OF
E
S
T
I
M
A
T
I
O
N
Aerial
photography
was
used
to
estimate
shoreline
erosion
between
1952-55
and
the
spring
of
1973.
From
this
information
a
Coastal
Zone
Atlas
of
the
Canadian
erodible
shoreline
of
Lake
Huron
was
produced.
(4).
The
Environment
Canada
studies
of
1972-73
also
relied
heavily
on
photo—interpretation
(3).
In
addition
to
using
photo—interpretation,
erosion
rates
have
been determined
from
historical
land
survey
data
and
by
more
specialized
ground
survey
methods
for
short-term
erosion
measurement.
ACCURACY
OF
THE
ESTIMATES
Loadings
of
trace
metals
shown
in
Table
3.6—1
are
only
indicative
of
the
magnitude
of
loadings,
since
lake
circulation
and
littoral
drift
in
the
southeastern
part
of
the
lake
will
transport
a
substantial
percentage
of
these
shoreline
materials
directly
to
the
St.
Clair
River.
Taking
into
account
shoreline
erosion
in
other
parts
of
the
lake,
subaqueous
erosion,
and
tributary
drainage,
the
loading
values
quoted
appear
to
be in the right order of magnitude.
  
  
 _
.
M
L
.
.
,
.
_
_
_
,
_
.
-
IIIEIIMM IHPIIIS
The
larg
est
sing
le i
ndus
tria
l us
e of
Grea
t La
kes
wate
r is
for
cool
ing
ste
am
con
den
ser
s i
n e
lec
tri
c p
owe
r p
lan
ts.
Tab
le
3.7
—1
lis
ts
ope
rat
ion
al
dat
a
for
exis
ting
and
comm
itte
d th
erma
l po
wer
plan
ts w
hich
disc
harg
e co
olin
g wa
ter
to
Lak
e H
uro
n.
In
Ont
ari
o,
the
maj
ori
ty
of
ste
am
ele
ctr
ic
pow
er
gen
era
tio
n i
s
loca
ted
on t
he L
ower
Lake
s ne
ar t
he g
reat
est
elec
tric
ity
dema
nd.
HOWe
ver,
Lake
Huro
n,
Geor
gian
Bay,
and
the
Nort
h Ch
anne
l ar
ea a
re n
ow r
apid
ly b
eing
developed for cooling water use.
In
Ont
ari
o,
the
Bru
ce
Nuc
lea
r P
owe
r D
eve
lop
men
t,
a m
ajo
r e
ner
gy
and
hea
vy
wate
r pr
oduc
tion
cent
re,
bega
n in
the
earl
y 19
60's
with
the
cons
truc
tion
of
the
Dou
gla
s P
oin
t G
ene
rat
ing
Sta
tio
n.
Pre
sen
tly
ope
rat
ion
al
are
the
sin
gle
,
220
MW
(el
ect
ric
) r
eac
tor
and
the
Bru
ce
Hea
vy
Wat
er
Pla
nt
"A"
(de
sig
n p
rod
uc-
tio
n —
800
,00
0 k
g/a
of
hea
vy
wat
er)
.
The
Bru
ce
Gen
era
tin
g S
tat
ion
"A"
(3,
000
MW
of
ele
ctr
ic
gen
era
tin
g c
apa
cit
y)
pro
duc
ed
fir
st
pOW
er
in
1976
.
Thi
s p
lan
t
cons
ists
of f
our—
750
MW r
eact
ors.
Unde
r co
nstr
ucti
on a
re t
hree
addi
tion
al
heav
y wa
ter
plan
ts
(B,
C, a
nd D
) wi
th a
nomi
nal
rate
d ou
tput
of 8
00,0
00 k
g/a
each
.
Also
unde
r co
nstr
ucti
on o
n th
is s
ite
is B
ruce
Gene
rati
ng
Stat
ion
"B",
a
3,0
00
MW
(fo
ur—
750
MW
rea
cto
rs)
pow
er
sta
tio
n e
xpe
cte
d t
o p
rod
uce
fir
st
pow
er
by late 1982 or early 1983.
In
Mic
hig
an,
the
re
are
fou
r f
oss
il—
fue
led
pla
nts
on
Lak
e H
uro
n w
ith
mos
t
of
the
gen
era
tin
g c
apa
cit
y f
oun
d a
t t
he
mou
th
of
the
Sag
ina
w R
ive
r.
AMOUNT OF HEAT DISCHARGED
As
sho
wn
in
Tab
le
3.7
-1,
the
ave
rag
e
tot
al
hea
t
dis
cha
rge
to
Lak
e H
uro
n
has
bee
n
abO
ut
1,7
00
MW
bet
wee
n
197
1
and
197
5.
Ele
ctr
ica
l g
ene
rat
ing
pla
nts
ha
ve
to
ce
as
e
op
er
at
io
n
pe
ri
od
ic
al
ly
fo
r
ro
ut
in
e
ma
in
te
na
nc
e
an
d
em
er
ge
nc
y
rep
air
s.
The
ref
ore
,
the
y c
ann
ot
dis
cha
rge
100
%
of
the
ir
tot
al
pot
ent
ial
for
he
at
di
sc
ha
rg
e.
Re
al
is
ti
ca
ll
y,
a w
el
l
op
er
at
ed
pl
an
t
sh
ou
ld
op
er
at
e
ab
ou
t
70%
of
th
e
ti
me
.
Th
us
,
th
e
tr
ue
ma
xi
mu
m
po
te
nt
ia
l
fo
r
th
e
pr
es
en
t
di
sc
ha
rg
er
s
is
ab
ou
t
2,
00
0M
W.
Af
te
r
th
e
ne
w
pl
an
ts
st
ar
t
op
er
at
in
g,
th
e
po
te
nt
ia
l
he
at
di
sc
ha
rg
e
wi
ll
be
ab
ou
t
15
,0
00
MW
.
Th
e
la
rg
e
pr
oj
ec
te
d
in
cr
ea
se
is
du
e
to
th
e
Br
uc
e
Nu
cl
ea
r
Po
we
r
De
ve
lo
pm
en
t,
di
sc
us
se
d
ab
ov
e.
Al
th
ou
gh
lo
ca
l
pr
ob
le
ms
of
te
n
re
su
lt
fr
om
ho
t
wa
te
r
di
sc
ha
rg
es
,
th
e
ef
fe
ct
on
th
e
wh
ol
e
la
ke
is
sm
al
l.
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1
4
  
TABLE
3.7—1
MAJ
OR
THE
RMA
L
DIS
CHA
RGE
RS
To
LAK
E
HUR
ON
Plant
Name
Loca
tion
Tot
al
Gen
era
tin
g
Des
ign
Capa
city
At
(MW
ele
ctr
ic)
(C°
)
Number
of
b
Unit
s
Fuel
Max
imu
m
Des
ign
Hea
t
Di
sc
ha
rg
e
(MW)
Aver
age
Operating
Capacity
(Z
Of
Ma
xi
mu
m)
(1971-1975)
Average
He
at
Disch
arge
(M
W)
Ont
ari
o
Dougla
s Poi
nt
Bruce Heavy
Water Plant
s
Plant
A ope
ratio
nal
Plants
B, C a
nd D u
nder
constr
uction
Bru
ce
"A"
Gen
era
tin
g S
tat
ion
(opera
tional
1976-1
978)
Bru
ce
"B"
Gen
era
tin
g S
tati
on
(opera
tional
1982-1
983)
Mi
ch
ig
an
Hur
on
Cem
ent
Ka
rn
(Un
its
3 &
4 o
n c
ool
ing
towe
rs)
Wea
doc
k
Ha
rb
or
Be
ac
h
 
Kin
car
din
e
Ki
nc
ar
di
ne
Kinca
rdine
Kin
car
din
e
Alp
ena
Essex
ville
Essex
ville
Harbor Beach
1
N
220
7.8
11.1
300
0
10.
6
30
00
10
.6
40.9
6.1
1787
9.4
8
F
678
6.5—
9.1
1
F
121
7.2
     
362
2600
77
50
7750
10
5
7
6
2
14
40
173
 
32.6
8
5
77
.3
55
.3
42.7
 
118
8
9
58
9
796
75
  
a.
b.
For 19
71-197
4
F =
Foss
il
N =
Nucl
ear
   
 FUTURE INPUTS
In Ontario, the search for thermal power plant sites on Lake Huron and
Georgian Bay has accelerated in the last several years. Projections have
been made by Ontario Hydro of a growth in peak electricity demand of seven
percent per year into the long-term (ZO—year) future. On Lake Huron and
Georgian Bay, it is anticipated that by 1993 there will be an additional 12,000
to 15,000 MW of electric generating capacity in operation. It is likely that
3,000 to 6,000 MW of this will be on the North Channel and 3,000 to 6,000 MW on
Georgian Bay. It is also likely that 3,000 to 6,000 MW of generating capacity
would be required on the shores of Lake Huron itself. However, the Royal Com-
mission on Electric Power Planning is presently studying power requirements in
Ontario to 1993 and beyond. Their conclusions and recommendations could signi-
ficantly influence the amount of future electrical production.
In Michigan, there are very speculative predictions for expansion of the
Detro
it Ed
ison
Syste
m on
a sit
e nor
th of
Harbo
r Bea
ch.
The s
ize o
f thi
s fac
ili-
ty, the fuel, and the target dates are not known. Consumers Power is considering
five sites along Lake Huron. The combined electric generating capacity of these
site
s is
proj
ecte
d to
be 7
,000
MW b
y th
e ye
ar 2
000.
Most
of t
his
capa
city
is
expected to be from nuclear plants in the size range of 1,000 to 1,500 MW.
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PRESENT INPUTS
Radioactivity inputs to Lake Huron arise from four different sources:
fallout from nuclear weapons testing, discharge from the Douglas Point nuclear
complex, drainage of the Elliot Lake mining area, and weathering of naturally
radioactive minerals.
Fallout from nuclear weapons testing provides essentially all of the man-
made radioactivity, primarily strontium 90 (9°Sr), found in Lake Huron.
Inputs are dependent on the amount of atmospheric weapons testing.
 
Mining activity in the Elliot Lake area and associated surface runoff
from tailings ponds result in radium 226 (226Ra) reaching the North Channel
via the Serpent River. Approximate loadings to the Serpent River are 226Ra =
1850 uCi/d; Gross a = 15,800 uCi/d; and Gross B = 14,100 uCi/d (1). Consider—
able quantities of the thorium isotopes are known to enter the waters of the
Serpent River Basin but their fate is not known. Loadings to the North Channel
have not been calculated per 39; concentrations reported at the Serpent River
mouth are presented and discussed in Chapter 4.1.
Radioactive wastes from chemical laboratories and decontamination facili-
ties at the Douglas Point Generating Station are disposed of by controlled
release into the cooling waters. In Ontario, reporting of liquid radioactive
effluents is made in two categories: tritium (3H) and gross 8-y. The regula-
tory limits for lake discharges of these parameters are 83,000 Ci of 3H per
month and 4.5 Ci of gross B-Y per month. However, design and operational
targets are one percent of these levels, or 830 Ci of 3H per month and 0.045
Ci of gross B-Y per month. Table 3.8—1 summarizes the liquid radioactivity
rele
ases
from
the
Doug
las
Poin
t Ge
nera
ting
Stat
ion
for
the
year
s 1
968-
1970
and
1973-1975.
Stac
k di
scha
rges
from
a nu
clea
r fa
cili
ty c
an e
nter
the
lake
via
rain
out.
Gase
ous
rele
ases
(2)
from
the
Doug
las
Poin
t Ge
nera
ting
Stat
ion
in 1
974
were
:
part
icul
ates
= 0.
0047
Ci/a
; i
odin
e 13
1 (1
311)
= 0.
047
Ci/a
; no
ble
gase
s =
21,7
00 C
i/a;
and
3H =
5,11
0 Ci
/a.
Depo
siti
on i
nto
the
lake
has
not
been
measured.
1
In
Mic
hig
an,
the
re
are
no
ope
rat
ing
nuc
lea
r g
ene
rat
ing
pla
nts
or
pla
nts
1
un
de
r
co
ns
tr
uc
ti
on
on
th
e
La
ke
Hu
ro
n
sh
or
el
in
e.
Th
e
Mi
dl
an
d
pl
an
t
is
pr
e-
‘
se
nt
ly
un
de
r
co
ns
tr
uc
ti
on
.
Th
is
pl
an
t
is
lo
ca
te
d
on
th
e
Ti
tt
ab
aw
as
se
e
Ri
ve
r,
a
tr
ib
ut
ar
y
of
th
e
Sa
gi
na
w
Ri
ve
r,
an
d
is
ap
pr
ox
im
at
el
y
80
km
up
st
re
am
fr
om
th
e
mouth of the Saginaw River.
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 TABLE 3.8-1
 
LIQUID
RADIOACTIVE
RELEASES
FROM
DOUGLAS
POINT
GENERATING
STATIONa
 
Tritium Gross Beta—Gamma
Year
Month
(curies)
(curies)
1968
year
440
5.5
1969
year
986
12.05
1970
year
949
21.17
1973
January
390
0.010
February
300
0.100
March
560
0.050
April
480
0.100
May
370
0.020
June
235
-
July
2270
0.120
August
1860
0.170
September
180
0.880
October
580
0.065
November
335
0.430
December
210
0.050
1974
January
450
0.100
February
320
0.150
March
250
0.130
April
505
0.185
May
90
0.080
June
95
0.275
July
95
0.185
August
75
0.090
September
355
0.015
October
590
0.005
November
385
0.025
December
230
0.005
1975
January
465
0.022
February
95
0.009
March
117
0.208
April
107
0.063
May
204
0.027
June
289
0.031
  
a.
I
n
f
o
r
m
a
t
i
o
n
f
r
o
m
R
e
f
e
r
e
n
c
e
(2).
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FUTURE INPUTS
Fut
ure
inp
uts
of
rad
ioa
cti
vit
y f
rom
min
ing
act
ivi
tie
s i
n t
he
Ser
pen
t
River Basin are dependent on a number of factors which are discussed in
Chapter 4.1.
The projection of future radioactivity waste inputs to Lake Huron from
nucl
ear
powe
r ge
nera
tion
is d
epen
dent
on t
he f
utur
e gr
owth
of e
lect
rici
ty
dema
nd i
n On
tari
o.
Regu
lato
ry
limi
ts f
or r
elea
ses
from
a CA
NDU
reac
tor
with
a
yea
rly
coo
lin
g w
ate
r f
low
of
109
m3,
whi
ch
app
rox
ima
tes
tha
t o
f o
ne
of
the
fou
r
pla
nne
d r
eac
tor
s a
t t
he
Bru
ce
pow
er
com
ple
x,
are
5,5
00,
000
Ci/
a o
f 3
H a
nd
300
Ci/
a o
f g
ros
s 8
—y.
As
wit
h a
ll
CAN
DU
nuc
lea
r p
owe
r p
lan
ts,
the
des
ign
and
ope
rat
ion
al
tar
get
s a
re
one
per
cen
t o
f t
he
rel
eas
e l
imi
ts.
The
ref
ore
, t
he
tar
get
s f
or
the
fou
r-r
eac
tor
Bru
ce
com
ple
x w
oul
d b
e 2
20,
000
Ci/
a o
f
3H
and
12
Ci/
a g
ros
s
8-y
.
No
est
ima
te
of
tri
tiu
m w
hic
h m
ay
be
dis
cha
rge
d f
rom
the
Bru
ce
Heavy WaterPlant has been made.
It
is
exp
ect
ed
tha
t 1
2,0
00
to
15,
000
MW
of
ele
ctr
ic
gen
era
tin
g c
apa
cit
y
wil
l b
e i
nst
all
ed
on
Lak
e H
uro
n a
nd
Geo
rgi
an
Bay
by
the
yea
r 1
993
.
The
nuc
lea
r
por
tio
n o
f t
his
may
be
abo
ut
9,0
00
MW,
3,0
00
MW
on
Lak
e H
uro
n,
3,0
00
MW
on
the
Nor
th
Cha
nne
l,
and
3,0
00
MW
on
Geo
rgi
an
Bay
.
Tab
le
3.8
—2
giv
es
the
pos
sib
le
inputs to these areas by 1993.
Alt
hou
gh
add
iti
ona
l
gen
era
tin
g
cap
aci
ty
fro
m n
ucl
ear
fac
ili
tie
s
is
pro
—
je
ct
ed
al
on
g
th
e
Mi
ch
ig
an
sh
or
e
of
La
ke
Hu
ro
n,
de
ve
lo
pm
en
t
of
fu
tu
re
si
te
s
is
not considered likely before 1990.
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 TABLE
3.8-2
PROJECTED 1993
RADIOACTIVITY DISCHARGES
To
LAKE
HURON
 
Tritium
Gross
Beta—Gamma
LOCATION
(curies per year)
(curies per year)
1
2
0
 
Lake
Huron
Main
Body
Bruce
Nuclear
Power
Development
450,000
24.5
Southern Lake
Huron
Generating
Station
220,000
12
North
Channel
North Channel
Generating
Station
220,000
12
Georgian
Bay
Georgian
Bay
Generating
Station
220,000
12
 
 
 
IIIIHIEINE IHPIIIS
The quality of dredged material is quite variable, depending on
the source. It may often contain high concentrations of heavy metals,
nutrients, and organic materials. Therefore, disposal is of concern.
Dredging is conducted irregularly on Lake Huron to maintain existing
navigation channels, build new harbour facilities or construct municipal
and industrial intakes and outfalls. Data on the quality and quantity
of capital dredging material (from areas dredged for the first time)
are not adequate to estimate loadings. The estimates are based on maintenance
dredging only.
Sedimentation in channels is caused by three basic mechanisms:
silt carried downstream and deposited in the channel when the stream
slows, littoral sand drift across the harbour mouth, and materials carried
into the channel by storms. Maintenance dredging takes place at the
ports listed in Table 3.9—1 and shown on Figure 3.9-1. The shoreline
of northern Lake Huron and most of Georgian Bay is rocky; there is little
littoral drift and therefore maintenance dredging requirements are
minimal. In southern Lake Huron, dredging is required at three-to-ten
year intervals. The Saginaw River is a major exception where substantial
maintenance dredging is required annually.
Nine—tenths of all polluted sediments on the U.S. side are dredged
from the Saginaw River. This material is now disposed of in a diked
disp
osal
area
rath
er
than
into
Lake
Huro
n.
Ther
efor
e,
it i
s no
t in
clud
ed
in the loading calculation.
ESTIMATES OF LOADINGS
The
U.S.
Env
iro
nme
nta
l P
rot
ect
ion
Age
ncy
(EPA
) s
urv
eye
d a
ll
sig
nif
ica
nt
U.S.
har
bou
rs
on
Lak
e H
uro
n t
o d
ete
rmi
ne
the
che
mic
al
qua
lit
y o
f m
ain
ten
anc
e
dre
dgi
ngs
.
The
con
cen
tra
tio
ns
use
d i
n t
his
est
ima
te
are
com
pil
ed
fro
m
ind
ivi
dua
l r
epo
rts
on
eac
h h
arb
our
(3).
The
vol
ume
s
dre
dge
din
U.S
.
har
bou
rs
are
bas
ed
on
the
ave
rag
e f
or
eac
h h
arb
our
ove
r a
ten
-ye
ar
per
iod
(1)
.
Es
ti
ma
te
d
qu
an
ti
ti
es
of
Ca
na
di
an
ma
in
te
na
nc
e
dr
ed
gi
ng
ar
e
ta
ke
n
fro
m t
he
rep
ort
of
the
IJC
Dre
dgi
ng
Wor
kin
g G
rou
p (
2).
Tot
al
pho
sph
oru
s
in
non
pol
lut
ed
sed
ime
nts
var
ies
fro
m 5
0 t
o 6
00
mg
/k
g
wit
a m
edi
an
val
ue
aro
und
420
mg/
kg
(3)
.
It
is
est
ima
ted
tha
t
108
,00
0 m
/a
of
non
pol
lut
ed
sed
ime
nts
are
dis
pos
ed
of
in
Lak
e H
uro
n
fro
m U
.S.
cha
nne
l
mai
nte
nan
ce
pro
jec
ts.
Alt
hou
gh
the
sam
e
typ
e
of
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TABLE 3.9-1
MAINTENANCE DREDGING IN LAKE HURON (1,2)
  
VOLUME PERCENT POLLUTED VOLUME
HARBOURS
(m3/a)
POLLUTED
(m3/a)
UNI TED STATEE
Alpena 6,100 0 0
Au Sable 23,000 100 23,000
Bay Port 4,600 0 I 0
Black River 2,300 0 0
Caseville 9,200 0 O
Cheboygan 7,600 0 0
Hammond 7,600 50 3,800
Harbor Beach 3,900 100 3,900
Harrisville 9,200 50 4,600
Les Cheneaux 7,600 100 7,600
Mackinaw City 3,100 0 0
Port Austin 3,100 70 2,200
Port Sanilac 5,500 0 0
Saginaw 535,000 100 535,000
Sebewaing 15,300 30 4,600
St. Marys River 49,700 0 0
Total 692,800 584,700
CANADA
Bruce G.S. 13,100 - ‘
Byng Inlet 2,500 - ‘
Collingwood 20,000 - '
Grand Bend 3,600 - -
Lake Simcoe 3,300 - —
Midland 13,100 - -
Parry Sound 4,600 - -
Sault St. Marie, 6,600 - -
Ontario ,
Severn 1,700 — -
South Baymouth 5,300 - -
Spragge 4,600 - -
Stokes Bay 1,900 - ’
Vidal Shoals 2,100 - -
Total 82,400
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DREDGING SITES ON LAKE HURON
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in
fo
rm
at
io
n
is
no
t
av
ai
la
bl
e
fo
r
Ca
na
di
an
dr
ed
gi
ng
,
th
e
fo
ll
ow
in
g
lo
ad
in
g
ca
lc
ul
at
io
ns
ha
ve
be
en
ma
de
fo
r
U.
S.
dr
ed
gi
ng
.
Th
e
sp
ec
if
ic
gr
av
it
y
of
cl
ea
n
sa
nd
is
ap
pr
ox
im
at
el
y
1.
7
(3
).
Th
us
,
1
m3
of
se
di
me
nt
eq
ua
ls
17
00
kg
,
an
d:
To
ta
l
ph
os
ph
or
us
:
Lo
ad
in
g
=
10
8
X
17
00
X
42
0
X
10
'6
=
77
t/
a
To
ta
l
Kj
el
da
hl
ni
tr
og
en
va
lu
es
fo
r
un
po
ll
ut
ed
se
di
me
nt
va
ry
fr
om
10
0
to
20
00
mg
/k
g
wi
th
a
me
di
an
va
lu
e
of
ab
ou
t
10
00
mg
/k
g.
Th
er
ef
or
e:
To
ta
l
Kj
el
da
hl
ni
tr
og
en
:
Lo
ad
in
g
=
18
4
t/
a
An
in
di
re
ct
lo
ad
in
g
du
e
to
th
e
di
sp
os
al
of
dr
ed
ge
d
ma
te
ri
al
is
th
e
po
ss
ib
le
le
ac
hi
ng
of
co
nt
am
in
an
ts
fr
om
di
ke
d
di
sp
os
al
ar
ea
s
us
ed
to
co
nt
ai
n
po
ll
ut
ed
se
di
me
nt
s.
EP
A
an
d
th
e
Ar
my
Co
rp
s
of
En
gi
ne
er
s
ha
ve
in
st
it
ut
ed
mo
ni
to
ri
ng
pr
og
ra
ms
at
se
ve
ra
l
di
ke
d
di
sp
os
al
ar
ea
s
to
de
te
rm
in
e
th
e
ex
te
nt
of this loading.
A
C
C
U
R
A
C
Y
O
F
E
S
T
I
M
A
T
E
S
Th
e
am
ou
nt
ac
tu
al
ly
dr
ed
ge
d
fr
om
a
ha
rb
ou
r
in
an
y
on
e
ye
ar
is
va
ri
ab
le
an
d
de
pe
nd
s
up
on
a
nu
mb
er
of
fa
ct
or
s:
me
te
or
ol
og
ic
al
co
nd
it
io
ns
,
me
an
wa
te
r
le
ve
ls
,
ec
on
om
ic
s
of
th
e
sh
ip
pi
ng
in
du
st
ry
,
an
d
ch
an
ge
s
in
ch
an
ne
l
de
pt
hs
.
Th
e
es
ti
ma
te
s
of
qu
an
ti
ti
es
to
be
dr
ed
ge
d
mu
st
be
co
ns
id
er
ed
to
be
ap
pr
ox
im
at
e,
i
10
0%
at
be
st
.
Th
e
me
di
an
co
nc
en
tr
at
io
ns
ar
e
mo
re
pr
ec
is
e
(i
10
%)
.
Ho
we
ve
r,
an
un
kn
ow
n
fr
ac
ti
on
of
th
e
ma
te
ri
al
wi
ll
be
vi
rt
ua
ll
y
un
av
ai
la
bl
e
to
th
e
ec
os
ys
te
m
of
th
e
la
ke
,
du
e
to
se
di
me
nt
at
io
n
an
d
in
co
rp
or
at
io
n
in
to
th
e
sediments (see Chapter 6.8).
FUTURE TRENDS
Ma
in
te
na
nc
e
dr
ed
gi
ng
is
ex
pe
ct
ed
to
co
nt
in
ue
at
it
s
pr
es
en
t
le
ve
l
of
ac
ti
vi
ty
.
In
ge
ne
ra
l,
th
e
qu
al
it
y
of
U.
S.
ha
rb
ou
r
se
di
me
nt
s
ha
s
im
pr
ov
ed
su
bs
ta
nt
ia
ll
y
si
nc
e
19
67
-1
97
0,
pa
rt
ic
ul
ar
ly
in
sm
al
le
r
ha
rb
ou
rs
wh
er
e
th
e
ma
jo
r
so
ur
ce
s
of
po
ll
ut
io
n
ar
e
sm
al
l
bo
at
s
or
sh
ip
s.
Pu
bl
ic
aw
ar
en
es
s
an
d
di
sc
ha
rg
e
re
gu
la
ti
on
s
ha
ve
re
su
lt
ed
in
si
gn
if
ic
an
t
im
pr
ov
em
en
t.
Th
e
re
du
ct
io
n
of
co
mb
in
ed
se
we
r
di
sc
ha
rg
es
an
d
im
pr
ov
ed
in
du
st
ri
al
an
d
mu
ni
ci
pa
l
tr
ea
tm
en
t
fa
ci
li
ti
es
ha
ve
al
so
im
pr
ov
ed
se
di
me
nt
qu
al
it
y
an
d
wi
ll
co
nt
in
ue
to
do
so
.
Ca
pi
ta
l
dr
ed
gi
ng
in
th
e
fu
tu
re
is
ex
pe
ct
ed
to
be
mi
ni
ma
l
si
nc
e
th
e
ba
si
c
se
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 3} D VISSH WASTE INPUTS
TYPES OF DISCHARGES
Vessels can be broadly classed as commercial or recreational.
Each class contributes to the pollutant load entering Lake Huron. Vessels
may be large or small, more or less transient, and may perform a variety
of duties. Several types of waste may be generated, and the generation
rate of one type is independent of any other. Types of wastes can be
classified into three broad groups: personal, operational, and
functional.
Personal waste consists primarily of sewage ("black water”), galley
and washwater ("gray water") and solid waste such as plastic and food
containers. The quantity depends on housekeeping practices and treatment
or disposal systems available. Nutrients and pathogenic organisms originate
from this type of wastewater.
Operational waste consists of oily bilge waters, dunnage, and heat
due to cooling water discharges. It is generally associated with the
vessel's mode of propulsion. Minimal waste discharges are unavoidable.
However, bad shipkeeping practices can increase quantities considerably.
Foreign vessels entering Lake Huron and Georgian Bay discharge seawater
ballast before loading cargo. Chlorides and dissolved solids result
from this waste.
Functional waste consists of cargo residues which fall into the
water during loading and unloading activities.
Recreational vessels are not permitted to discharge sewage into
Lake Huron as specified by Michigan and Ontario statute. Some operational
wastes result but are minimal. Estimating the quantity of these three
waste types is difficult, due to the changing patterns of ship movement.
However, it is possible to generalize. Personal wastes are generated
at a steady rate while the ship is on the lake, whether in transit or
in port. Operational wastes are generated at the maximum rate while
in transit and minimally while in port. Functional wastes are generated
only when in or near a port.
LOADING ESTIMATES
Loading estimates for the five material balance parameters are
given in Table 3.10-1, based on estimates in Table 3.10-2. These estimates
are from black and gray water and salt water ballast. It is impossible
to estimate loadings for the material balance parameters for personal
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ANNUAL INPUTS
TABLE 3.10-2
OF WASTE CATEGORIES To LAKE HURON
    
WASTE CATEGORY CANADA U.S TOTAL
PERSONAL
Black and Gray Water 76,500 kg 235,200 k2 311,700 k2
Solid Waste 751 t: 244 t 995 t
OPERATIONAL
Bilges (steamships) 61,400 t 250,000 t 311,000 t
Bilges (motorships) 6,500 t 15,800 t 22,300 t
FUNCTIONAL
Cargo Spillage 6,500 t 26,800 t 33,300 t
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ChloridesJ Total Phosphorus, Total Nitrogen, Total Dissolved Solids, and
Reactive Silicate
Amount discharged =
Vessel days x men per vessel
365 x quantity discharged per person per year
EVALUATION OF ACCURACY OF ESTIMATES
Information regarding the number of vessels was taken from 1974
actual figures and is accurate within i 10% for 1975. The number of
persons per vessel is a U.S. Coast Guard and Ministry of Transport
estimate, based on actual counts from several vessels, and has an
accuracy of i 10%. Values uSed for solid waste, black and gray water,
bilge water, and cargo spillage are dependable to a.: 50% range. Per
capita inputs of the five material balance parameters were estimated for
sewage from Michigan cities and are considered to be acceptable values
for sewage from vessels. The range of variation for each of the five
parameters is‘i 50% for total phosphorus, total nitrogen, and chloride,
.: 25% for reactive silicate, and i 10% for total dissolved solids.
FUTURE INPUTS
Future trends will be influenced by national and regional legislation.
It is expected that there will be a 95% reduction in personal waste
discharged or dumped over the next three to five years with the enforce—
ment of currently proposed or enacted laws. All solid wastes are presently
required to be put ashore for disposal. Raw sewage discharges will cease
if legislation to eliminate discharges becomes reality. Operational
wastes are regulated to a degree, but further legislation is needed to
enforce good shipkeeping practices. Functional wastes, especially
those associated with bulkcargoes, will continue to be dumped indis—
criminately unless legal constraints are imposed. Thus, future inputs
are, in general, expected to decrease.
  
a} U SPIIIS
Because of their unpredictable nature, it is not possible to accurately
estimate specific material inputs which result from spills. For the
lake as a whole, inputs from spills are a small portion of the total.
However, spills do occasionally have a serious effect on local areas.
There are two primary types of problem spills -- oil or petroleum
distillates and other hazardous materials. Spill reports from state,
provincial, and federal regulatory agencies indicate that for oil spills,
less than 50% of the products spilled to water are actually recovered.
Losses of chemicals or other such potentially hazardous materials to
water bodies pose a threat to the local environment because such materials
generally cannot be recovered. Often in cases of spills involving
chemicals, neutralizing agents, which may be considered as polluting
substances themselves, are put into the water.
Spills of chemicals, oil, or other toxic materials generally occur
near centres of industrial activity or along transportation corridors.
The majority of the incidents have taken place near population centres
along the shores of Lake Huron or on major tributary watercourses.
With the exception of a few isolated incidents, most spills have not
caused injury to health or property. However, many spills have caused
at least a temporary environmental upset in the immediate vicinity of
the spill.
ESTIMATES OF INPUTS
As pointed out above, it is impossible to accurately estimate the
amounts of materials spilled into Lake Huron. However, an educated
guess can be made as described below.
The U.S. Army Corps of Engineers projected that in 1975 about
443,000 t of petroleum and about 248,000 t of chemicals would be carried
to ports in the U.S. portion of Lake Huron. These amounts were expected
to increase by 1980 to about 497,000 t of petroleum and about 273,000 t
of chemicals (1).
One authority (2) has estimated spillage to be on the order of
0.1% of the total quantity transported. Using the rate of 0.1% of the
total material transported as the maximum potential, spills in the U.S.
port
ion
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n wo
uld
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t of
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oleu
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8 t
of
chemicals in 1975.
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WASTE LOAD SIMULATION MODEL
DESCRIPTION OF MODEL
In order to examine future trendsin loadings from human activities for
their possible impact on the lakes, a simulation model was developed. The
model that ultimately evolved (and will continue to change) was the product
of many things. The questions concerning future loadingsrequired a framework
involving a long time horizon (50 years), a large number of human activity
variables, and eleven separate basin regions. A great deal of uncertainty is
involved in the future projections of the human activity variables and a great
number of alternative futures are both plausible and possible. The world we
live in and the economic and social processes of which we are a part are
constantly undergoingboth quantitative and qualitative change. We cannot
possibly know, except perhaps in broad outline, what the future holds for cer—
tain.
The model, therefore, was designed to allow for a range of choice in the
future values of the key variables affecting loadings. In this sense the model
possesses simulation capabilities. However, not all variables can be simulated.
While
verba
l des
cript
ions
of ra
dical
ly d
iffer
ent
futur
es a
re r
eadil
y ava
ilabl
e,
no one has yet quantified these and shown how our institutions and value systems
would adjust to accommodate such change. The need for internal consistency in
the model precludes the articulation of radical change. Aside from this limit,
there is still a wide range of simulation capability.
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 INFORMATION SOURCES
The basic data requirements can be seen in Figure 3.12—1. Each block
represents a set of information which was collected or produced.
The sources
of such information was varied.
The population projections for the Canadian
basin were derived from Ontario government sources. The economic activity
and population projections for the United States basin was drawn from a
unified effort of the Office of Business Economics of the U.S. Department of
Commerce and the Economic Research Service of the U.S. Department of Agri-
culture. This large body of information is identified by the acronym OBERS
(19). The Canadian economic activity projections were drawn from a study
which utilized a large econometric model of the Canadian economy, known by
the acronym CANDIDE (16-18). For the purpose of this project, CANDIDE pro—
jections of national activity were related to the watershed regions and
extended to the year 2020, well beyond the normally utilized limit of 1985.
Information on industrial waste loadings in the U.S. came from Minnesota,
Wisconsin, and Michigan through Region V of the U.S. Environmental Protection
Agency. The files of the NPDES system were used to identify individual dis—
chargers, and compliance monitoring reports and/or self monitoring reports
were utilized in the calculation of actual loadings. Industrial waste loadings
in Canadian basins were supplied by MOE, as were municipal loadings and
capacity. Other data and information came from numerous diverse sources
which are listed in the bibliography. Values for the simulation variables ,
can be determined by interested model users. 1‘
Sociological, technological, and institutional aspects of present and
future pollution and pollution abatement were also examined in a separate
study which suggested several alternative futures (15). Certain aspects of
these futures were used to produce one of the scenarios of future loadings.
MODEL OPERATION
While the data discussed above were oftentimes the product of complex
analytical models designed to produce specific data, the waste loadings model
is conceptually simple. It is really nothing more than an accounting type
representation of the various factors determining loadings and is based on
common sense. The data collected represented, as closely as possible, know—
ledge of the processes by which loadings are created, treated, and discharged.
Oftentimes, the lack of detailed information required simplification of
complex processes to workable ones. Most often, data availability and time-
liness determined the form of process relationships used in the model.
Further information and data will continue to become available, necessitating
changes in the model data baSe and processes. The loadings presented below
are the product of innumerable model revisions and are certainly not final.
In broad outline, the available data were placed in a computer file and
then manipulated according to the chosen representation of the phenomena
being considered. Lack of reliable information, necessary simplifications,
and uncertainty were accorded their due by allowing for the simulation capa-
bilities discussed above and noted in Figure 3.12—1. For example, the generation
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of municipal waste loadings by the model is easily followed in Figure 3.12—1.
Population, urbanization and sewer connection. per capita waste loadings and
water use, and treatment capacity type and inefficiency, for each basin
region, were first related according to the model specification, then checked
for simulation changes, and finally computed loadings were produced according
to the values these variables were assigned. The multidimensional nature of
the relationships describing municipal waste production, treatment, and
discharge discourages attempts to reproduce them here. The complexity ends,
however, at the notational level, as the waste flows are portrayed in a way
as close to the real world as quantitative knowledge would allow.
The industrial loadings are calculated in a similar way; however, certain
important differences arise. The waste loadings data are based on post—
treatment flows, and no information was available to indicate the level of
treatment accorded before discharge. For each basin region and industry,
loadings were related to a measure of economic output, and the basic pro—
jection methodology used this relationship. Again, simulation capabilities
allow for a variety of alternative assumptions.
The whole model follows this basic philosophy of simplicity. While a
great deal of more complex research and analysis was required to produce the
data used in the model, it was not necessary, nor was it at all times possible, }
to take account of any complexities remaining to be accounted for in this
model.
The loadings explicitly examined and modelled were only one source of
input to Lake Superior. Actual measurements of total loadings to the lakes,
described in the other sections of this chapter, considered tributary, direct
municipal and direct industrial, atmospheric, interlake transport, and other
sources. Included in tributary loadings, of course, are the discharges of
upstream municipal and industrial plants. Net land runoff to the lakes was
estimated as the difference between the model calculated Sum of all municipal
and industrial loadings and the sum of the present measured direct municipal,
direct industrial, and tributary loadings. No projections of future loadings
from land runoff were attempted. Net land runoff was, therefore, assumed
constant into the future. This loading was added to the model projected
municipal and industrial loadings to give a "calibrated" total. While it
seems clear that land runoff will not remain constant in the future, without
more detailed analyses, no other assumption was possible. It was nonetheless,
highly unsatisfactory.
ALTERNATIVE POINT SOURCE LOADINGS PROJECTIONS
As described above, the simulation capabilities of the model enable many
alternative projections of loadings to be easily produced. Three possible
scenarios were developed. The "base scenario" or projection utilized in this I
report is based upon a continuation of the existing level of treatment. In
operational terms, this means that the loadings grow in direct proportion to
industrial output and population growth. Philosophically, this scenario
implies no relative increase in spending on pollution abatement equipment, no
significant technological breakthroughs, and no increase in public or political
concern or commitment to environmental problems.
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 A
"synergistic
scenario"
was
developed
to
illustrate
the
simulation
capabilities
of
the
model
and
to
provide
one
View
of
a
more
optimistic
future
for
the
environment.
This
scenario
reflects
possible
impacts
of
increased
public
and
commercial
attention
to
environmental
problems.
It
includes
changes
in
production
processes
and
treatment
technology.
This
implies
that
the public
and
the
governments have
accepted
the
need
for
stringent
controls
and
that
the business
community
develops
and
utilizes
improved
processes
and
treatment technology.
The
synergistic
scenario
is
significant
and
interesting
for
several
reasons,
the
most
important
of
which
is
the
requirement
to
specify
exactly
the changes to current human activity variables that are necessary to achieve
a given loadings decrease.
While the exercise does not directly indicate how
these changes are to be brought about,
it does serve to stimulate debate by
raising the issues.
Secondly,
the view held here is that the assumptions
themselves are indeed optimistic.
They are as follows:
(1)
Municipal per capita loadings in 2020 are 40% of the 1974 value.
(2)
Industrial unit loadings in 2020 are 40% of the 1974 value.
(3) Per capita domestic water use falls by nearly half by 2020.
(4)
By 2020, 80% of sewage treatment plants in the basin will have some
form of advanced or tertiary treatment.
The balance of capacity
will be at least secondary treatment.
(5) Industrial treatment reaches the level of 82% removal by 2020 while
the average cost of abatement falls by a total of 21%.
These are combined with several less significant assumptions concerning
population size and distribution throughout the basin.
This set of assump-
tions yields a future that gives both decreasing loadings and decreasing or
constant real costs of abatement. This seems to be optimistic indeed.
While the potential for the realization of such a scenario exists, it
will not actually happen without an increased commitment to this goal on the
part of the public, governments, and industry. It is up to them to see that
the above assumptions are in fact borne out or more importantly that a
suitable combination of different assumptions (tougher here, easier there)
are fulfilled.
A third scenario incorporating absolute zero loading as a goal for all
nutrient and toxic substances shows that the costs are extremely high and
disruptive. However, although across—the-board removal may be impractical,
selective banning of toxicants and removal of nutrients is a practicable and
necessary goal.
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PROJECTED LOADINGS
Figure 3.12-2 is a generalized representation of the three loadings
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 costs
of
abatement,
relative
to
the
base
scenario.
A
close
reading
of
the
current
situation
in
the
Great
Lakes
Basin
certainly
does
not
inexorably
lead
to
the
conclusion
that
lower
future
loadings
are
the
most
likely
outcome.
Further,
the
lack
of
data
on
industrial
flows
to
municipal
treatment
plants
introduced
the
downward
bias
in
municipal
loadings
projections
as
noted
above.
Therefore,
one
does
not
want
to
inadvertently
impute
a
sense
of
reality
or
concreteness
to
the
simulation
outcomes.
Each
scenario
serves
a
purpose
which
has
been
discussed
above;
however,
a
final
interpretation
might
be
in
order
to
tie
things
together.
SUGGESTED
INTERPRETATIONS
The
base
scenario
and
the
simulation
scenario
can
be
viewed
side
by
side.
The
base
scenario
takes
existing
loading
information,
relates
it
to
human
activity,
and
presents
a
projection
based
on
an
extrapolation
of
these
present
conditions
and
assumed
relationships.
In
this
process,
a
large
number
of
variables
that
form
the
residual
creation,
treatment,
and
discharge
process
are
explicitly
represented.
The
adequacy
of
the
functional
rela—
tionships
used by
the
model
is variable.
Similarly,
data quality
and
quantity
also
have
question
marks
attached
to
them.
It
is,
however,
all
that
is
available at a certain point in time.
Using this framework,
the trends
inherent
in the
economic
and
social
processes,
as
they
are
presently
under-
stood,
are
extrapolated
into
the
future.
It
simply
indicates
the
general
direction
in which
we
are
going
on our
present
course.
The simulation scenario allows us to examine two basic questions.
One
question is to test or utilize other opinions on the general functional form
of the model.
The other, and perhaps more important question
is to test
other opinions on the future values of key determinants of loadings.
This
can be done in two ways.
First, different assumptions can be made concerning
these variables, as was done in the scenario discussed above.
Second, the
loading change desired would be specified and the model could be used to
indicate different combinations of values of key variables that would yield
this desired loading.
The base scenario is essentially a benchmark, derived from the best of
our present knowledge. It is, of course, subject to change, and has been
changed several times, as demonstrated above, as new information became
available. If this benchmark is unsatisfactory, the model organizes data and
knowledge in a systematic way to enable manipulation or change in the system
and then observation of the results. The exercise can be loosely compared to
a feedback mechanism. The information contained in the baseline case, if
unsatisfactory, results in further simulation and investigation, the results
of which. in turn, might prompt further action or decision.
AREAS FOR FUTURE CONSIDERATION
In any undertaking covering as many areas of study and taking as long a
time to complete, there are innumerable things that one would have liked to
have done better. This model is no exception. The numerous working papers
describing various aspects of the modelling effort are listed in the biblio—
141
 
 gr
ap
hy
.
No
ef
fo
rt
at
de
ta
il
in
g
sh
or
tc
om
in
gs
,
de
fi
ci
en
ci
es
,
an
d
so
fo
rt
h
wi
ll
be undertaken here.
Mo
de
ll
in
g
su
ch
as
th
at
do
ne
he
re
is
an
on
go
in
g
ef
fo
rt
.
Th
e
co
nc
ep
tu
al
iz
a—
ti
on
an
d
co
ns
tr
uc
ti
on
of
su
ch
mo
de
ls
is
as
he
lp
fu
l
in
id
en
ti
fy
in
g
pr
ob
le
m
ar
ea
s
in
ot
he
r
re
se
ar
ch
fi
el
ds
as
is
pr
og
re
ss
io
n
in
th
e
op
po
si
te
di
re
ct
io
n.
Th
e
po
te
nt
ia
l
fu
tu
re
us
es
of
th
e
pr
es
en
t
mo
de
l
ha
ve
be
en
di
sc
us
se
d
ab
ov
e
an
d
so
me
in
te
re
st
ha
s
be
en
sh
ow
n
in
th
is
di
re
ct
io
n.
It
is
al
so
cl
ea
r
th
at
co
n—
ce
pt
ua
l
an
d
em
pi
ri
ca
l
pr
ob
le
ms
st
il
l
re
ma
in
,
an
d
wo
rk
co
nt
in
ue
s
in
th
es
e
areas.
142
WWW 41
WMHI IIIIMIIY BHAIIAIIIEHISIIBS
Ill [HI NIMISIIIIIIE WMHIS,
HAHBIIIIHS, MI] [MBAYMENIS
   
  
 m] Illllllllllllllllll
Ch
ap
te
r
4
de
al
s
wi
th
th
e
st
ud
ie
s
of
th
e
ne
ar
sh
or
e
wa
te
rs
of
La
ke
Hur
on.
The
stu
dy
pro
gra
m
con
tai
ned
a t
wo—
pha
sed
app
roa
ch.
The
fir
st
pha
se
dea
lt
wit
h
the
doc
ume
nta
tio
n o
f
wat
er
qua
lit
y
alo
ng
tho
se
str
etc
hes
of
the
nea
rsh
ore
are
a r
ela
tiv
ely
una
ffe
cte
d b
y m
an'
s a
cti
vit
ies
.
The
sec
ond
asp
ect
dea
lt
wit
h
the
ass
ess
men
t
of
wat
er
qua
lit
y
deg
rad
ati
on
in
loc
ati
ons
whe
re
sig
nif
ica
nt
was
te
inp
uts
ori
gin
ate
.
It
rel
ate
s
the
mat
eri
al
loa
din
g
dat
a
con
tai
ned
in
Cha
pte
r
3 t
o
the
eff
ect
s
on
wat
er
qua
lit
y
in
the
imm
edi
ate
off
sho
re
are
as
whe
re
wat
er
use
is
mos
t
int
ens
ive
.
Acc
ord
ing
ly,
Cha
pte
r 4
is
div
ide
d
int
o t
he
fol
low
ing
sec
tio
ns:
Lake Huron Coastal and Embayments
Saginaw Bay
St. Marys River
Nearshore—Offshore Exchange
D
‘
D
b
-
L
‘
w
a
H
Th
e
fi
rs
t
th
re
e
su
bc
ha
pt
er
s
ea
ch
co
nt
ai
n
a
de
sc
ri
pt
io
n
of
th
e
li
mn
ol
og
ic
al
ch
ar
ac
te
ri
st
ic
s
-
ph
ys
ic
al
,
ch
em
ic
al
,
an
d
bi
ol
og
ic
al
—
pl
us
a
su
mm
ar
y
of
ex
is
ti
ng
an
d
de
ve
lo
pi
ng
pr
ob
le
ms
.
Ch
ap
te
r
4.
4
is
a
co
mm
en
ta
ry
on
th
e
ne
ar
sh
or
e-
of
fs
ho
re
ex
ch
an
ge
of
ma
te
ri
al
s,
le
ad
in
g
up
to
th
e
de
sc
ri
pt
io
n
of
th
e
op
en
wa
te
rs
of
La
ke
Hu
ro
n
in
Ch
ap
te
r
5.
1&5
  

 ﬂHIMISHIIIII WMHIS Mlll [MBAYMHIIS
DESCRIPTION OF THE STUDY AREA
The nearshore area, a small portion of the lake volume, is the focal
point of a limnological study. These littoral zones are the site of complex
interactions between the watershed and the deepwater, or limnetic zone.
Littoral zone physical processes, such as wave-induced mixing, coastal cur-
rents, and thermal bars, act in the dispersion, containment, or redirection of
tributary and other watershed influences.
The surface area of Lake Huron is 59,570 kmz; the shoreline, including
islands, is 6,159 km (1). For this study, nearshore waters were defined as
those within 3 km of shore or extending offshore to a water depth of W 15 m
and encompassing roughly 7,578 kmz, or 13% of the total surface area of the
lake.
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METHODS
STUDY PLAN
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Goderich, Douglas Point, Southampton, Port Elgin, Tobermory, Owen Sound,
Collingwood, Penetanguishene, Midland, Parry Sound, Spanish River mouth,
and Serpent Harbour (Figure 4.1—1) to assess the status of enrichment
and the extent of local water quality impairment.
The Michigan Department of Natural Resources (DNR) selected a total
of nine locations along the coast of Lake Huron for water quality docu—
mentation during 1974 (Figure 4.1—1). These locations were divided into
grOups designated as intensive, or those areas affected by cultural
sources; and non—intensive, or those areas relatively unaffectedby
man's activities. Each location was sampled during the spring and the
fall of 1974, using an array of seven sampling stations per location.
Additional intensive local water quality studies were also completed at
Cheboygan, Alpena, and Harbor Beach (Figure 4.1—1)(9).
Extensive information was collected on physical, chemical, and
biological characteristics (Table 4.1-1).
DATA PRESENTATION
To reflect regional differences in water quality and to facilitate
the presentation of findings, the Reference Group divided both nearshore
and open water areas of Lake Huron into segments. The nearshore waters
of Lake Huron are geographically segmented into eight segments A to I in
addition to Saginaw Bay (segment H) which is dealt with in Chapter 4.2
(Figure 4.1—1). In this section, seasons were delimited as spring 1974
(April, May, June), summer 1974 (July, August, September); fall 1974
(October, November, December). Statistical summaries are shown in
Figures 4.1-3 to 4.1—8 and 4.1-12 to 4.1—15 for each segment and season. i
Geographical division of nearshore and open water areas was justi—
fied on a number of grounds. First, the water chemistry and biology in
different parts of a lake are frequently different. Therefore, it would
be misleading to combine measurements from different parts of a lake
into one average value. Such an overall average might mask an unusually
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FIGURE 4.1-1 NEARSHORE SEGMENTS, STUDY AREAS, AND STATION
LOCATIONS, The nearshore zone generally extends offshore
about 3 km or to a water depth of about 15 m. Widths are
not to scale.
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 high or low value in one area of a lake. Segmentation also allows
quantitative tests to be made to determine if apparent differences
between areas of a lake are statistically real or simply within the
expected range of variation. Segmentation allows future changes in
water quality or biology to be quantitatively assessed, even if the
changes occur in restricted areas. By knowing the present quality of a
small area of water, comparisons with future water quality in that same
area can be made and changes detected. Segmentation was viewed as a
convenient, efficient, understandable, and objective way of analyzing
and presenting the large volume of data.
Due to the extensiveness of the information collected for this
study (Table 4.1—1), editorial constraint has been placed on the volume
of material presented. If the reader requires further information on
aspects not included here, he or she should refer to the individual
Reference Group project reports listed in the bibliography (2—12) or
directly contact the investigating agency.
PHYSICAL LIMNOLOGY
WATER MOVEMENT
MAJOR INPUTS AND OUTFLOW
Three principal inputs to Lake Huron physically influence large
portions of the lake's water mass. Lake Superior water enters northern
Lake Huron through the St. Marys River and Lake Michigan enters at the
Straits of Mackinac. Schelske and Roth (13) calculated that upper Lake
Huron waters are a 60% Lake Superior, 40% Lake Michigan mixture, based
on inflow rates and measured levels of conservative ions. Saginaw Bay
is the third major input, influencing lower Lake Huron areas, primarily
segment I.
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TABLE 4.1-2
MAJ
OR
RIV
ER
BAS
INs
IN
THE
LAK
E H
URO
N W
ATE
RSH
ED
 
RIV
ER
BAS
IN
Bas
in
Are
a
Mea
n A
nnu
al
Dis
cha
rge
<ka) (m3/s>
SEGMENT A
No major river inputs
SEGMENT B
Ausable 865 9.3
Maitland 2,137 23.3
smmmc
Saugeen 4,066 55.4
Sauble 927 13.0
SEGMENT D
Sydenham 181 2.7
Beaver 572 7.2
Nottawasaga 1,181 9.2
SEGMENT E
Severn 5,853 49.4
Magnetawan 624 10.6
French 13,908 172.4
Wannapitei 3,134 37.0
SEGMENT F
Spanish 12,069 179.4
Aux Sable 1,357 18.5
Mississagi 9,298 127.7
Serpent 1,349 24.2
SEGMENT G
Thunder Bay 3,238 26.3
SEGMENT I
Au Sable 5,377 51.3
Rifle 1,002 10.5
OTHER RIVERS
Pine 629 6.0
Cheboygan’ 3,776 36.3
Saginaw 15,356 107.1
TOTAL 86,899 976.8
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EPILIMNETIC WATERS,
1974 STATISTICAL SUMMARY OF NEARSHORE
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0.225 to 0.940 mg/£ in each of the seasons for which data are available.
The annual value was highest in segment B, followed by E, D, A, I, and C ’
in that order. Segments F and G had the lowest total nitrogen levels of v
all nearshore areas in the lake.
Segments A and D received the lowest tributary input of total
nitrogen of all the Canadian nearshore segments. Although segment B
received less nitrogen input than E and F, this segment had higher total
nitrogen levels due to the presence of a thermal bar in spring which
inhibits mixing of nearshore and open waters. In addition, the character—
istics of nearshore mixing change daily depending on meteorological
conditions. Lake Huron has strong longshore currents which interfere
with the exchange of waters between the nearshore and open waters of the
lake. Segment A is similarly affected by the nearshore entrapment of
tributary nitrogen loading during spring since the flow of water along
the east coast of Lake Huron is from north to south (15).
DeTour Passage, located at the mouth of the St. Marys River, had
spring and annual mean values for total nitrogen of 0.549 :_0.095 and
0.507 t 0.087 mg/R respectively.
Nitrate is responsible for high nitrogen levels in segments D and E
in Georgian Bay. This suggests that the source is drainage from agri—
cultural land rather than sanitary sewage.
REACTIVE SILICATE
The mean surface concentrations of reactive silicatefor Lake Huron
segments in 1974 are illustrated in Figure 4.1—7. The mean annual
concentration in nearshore waters varied from 0.7 to 1.9 mg SiOz/R.
The source of silicate in lake waters is the geological deposits in the
drainage basin and natural inputs from Lakes Superior and Michigan.
Since silicate is a nutrient used by diatoms, lower levels are expected
in the photic zone. Highest levels were observed in segment F which
reflects the influence of Lake Superior waters which consistently
average 2 mg/i (Volume III, Chapter 4.1).
Reactive silicate values at Cheboygan and Alpena, Michigan exceeded
nearshore segment G background values (Table 4.1—3) for which no cause
has been identified. Harbor Beach, Michigan silicate values weresimilar
to segment I levels.
CHLOROPHYLL a
Chlorophyll levels provide a measure of standing algal crops and
can be used to assess the general trophic status of lakes and the
effectiveness of nutrient removal programs.
Mean annual chlorophyll a concentrations in the surface waters of
segments A to I ranged from 0.7 to 3.7 ug/Q (Figure 4.1—8). The highest
160
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Penetang and Midland Bays
A gradient in water quality from the southern end of Penetang Bay
towards Beausoleil Island, which first became apparent following the MOE
survey of the Penetanguishene to Waubaushene area in 1969 (20), was
again clearly demonstrated by the 1973 and 1974 (5,7) nutrient and
chlorophyll adata (Figure 4.1—10). Any detrimental influence the
Midland sewage treatment plant (STP) exerts on Midland Bay is not so
obvious as the influence of the STP at Penetanguishene, because of the
larger volume of receiving water and the greater degree of mixing which
occurs in Midland Bay. Mean total phosphorus concentrations decreased
from 0.044 mg/Q near the STP outfall at Penetanguishene to 0.015 mg/l at
the mouth of the bay (Station 357, Figure 4.1-10). Seasonal variation
in total phosphorus was noted near the Penetanguishene STP outfall and
near the mouth of the bay, probably associated with changing input and
biological activity. Concentrations were highest in June and September
near the outfall (Station 353, Figure 4.1—10) with the lowest value
recorded in mid—July. No significant difference in phosphorus concen-
trations between surface and bottom sample depths was evident during
1974 studies.
Parry Sound
Levels of total phosphorus in Parry Sound were generally higher
throughout the year than in the adjacent nearshore waters of Georgian
Bay (3). No significant nutrient inputs from cultural sources were
documented for the area in 1974. Drainage from McCurry Lake, which
receives the Town of Parry Sound STP effluent, is a minor source of
phosphorus. Levels of total nitrogen were also slightly elevated in
summer and fall relative to nearshore Georgian Bay.
Levels of chlorophyll a in Parry Sound ranged from 0.5 to 4.7 ug/R
compared to the nearshore segment E annual mean of 0.96 ug/l. A
diminishing gradient of chlorophyll a levels from the innermost harbour
station lakeward for the four monthly survey periods in 1974 was noted.
Spanish River Mouth
Total nitrogen levels varied significantly at the Spanish River
mouth, with values of 0.38 to 0.62 mg/2 reported in the spring of 1974
and values of 0.1 to 1.0 mg/R reported in the spring of 1975 (2). Mean
total phosphorus levels for segment F were similar to levels off the
river mouth. Chlorophyll a levels near the river mouth were greater
than those reported for segment F.
Serpent Harbour :
In Serpent Harbour, total nitrogen concentrations (0.52 to 2.10
mg/l) were higher than levels of North Channel segment F (4). Nitrogen,
primarily ammonia, originates from tailings ponds at active uranium mines
upstream. Total phosphorus concentrations within the harbour were
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ai
la
bi
li
ty
fo
r
bi
ol
og
ic
al
ut
il
iz
at
io
n
an
d
th
e
ca
pa
ci
ty
of
th
e
wa
te
r
to
re
si
st
ch
an
ge
in
pH
du
e
to
ch
em
ic
al
ad
di
ti
on
s
or
de
le
ti
on
s
(b
uf
fe
ri
ng
ca
pa
ci
ty
).
In
na
tu
ra
l
wa
te
rs
,
al
ka
li
ni
ty
is
co
mp
os
ed
ma
in
ly
of
bi
ca
rb
on
at
es
,
ca
rb
on
at
es
,
an
d
hy
dr
ox
id
es
.
To
ta
l
ha
rd
ne
ss
is
a
me
as
ur
e
of
al
l
al
ka
li
ne
ea
rt
hs
in
so
lu
ti
on
,
wh
ic
h,
in
ad
di
ti
on
to
ca
lc
iu
m
an
d
ma
gn
es
iu
m
ca
rb
on
at
es
,
in
cl
ud
es
su
lf
at
es
,
ch
lo
ri
de
s,
an
d
ot
he
r
sa
lt
s.
So
il
an
d
be
dr
oc
k
ar
e
so
ur
ce
s
of
th
es
e
io
ns
in
na
tu
ra
l
wa
te
rs
.
Ig
ne
ou
s
ro
ck
fo
rm
at
io
ns
re
le
as
e
sm
al
l
am
ou
nt
s
of
al
ka
li
ne
ea
rt
hs
,
wh
il
e
se
di
me
nt
ar
y
fo
rm
at
io
ns
an
d
gl
ac
ia
l-
de
ri
ve
d
so
il
s
ar
e
ve
ry
ri
ch
so
ur
ce
s.
La
ke
Su
pe
ri
or
re
ce
iv
es
ve
ry
sm
al
l
am
ou
nt
s
of
al
ka
li
ne
ea
rt
hs
fr
om
it
s
ig
ne
ou
s
wa
te
rs
he
d
(1
3)
.
La
ke
Hu
ro
n'
s
wa
te
rs
he
d
is
la
rg
el
y
co
mp
os
ed
of
li
me
st
on
e,
do
lo
mi
te
,
an
d
gl
ac
ia
l
so
il
s,
a
ri
ch
su
pp
ly
of
al
ka
li
ne
ea
rt
hs
to
la
ke
wa
te
rs
(1
).
Al
ka
li
ni
ty
va
lu
es
in
ne
ar
sh
or
e
se
gm
en
ts
A
to
C
we
re
hi
gh
,
wi
th
an
nu
al
me
an
s
ra
ng
in
g
fr
om
91
.5
to
10
2.
1
mg
Ca
CO
g/
l.
Th
es
e
va
lu
es
we
re
mu
ch
hi
gh
er
th
an
th
e
op
en
wa
te
r
la
ke
wi
de
me
an
of
78
.6
mg
/i
re
po
rt
ed
by
We
il
er
an
d
Ch
aw
la
(2
2)
an
d
We
re
re
la
te
d
to
wa
te
rs
he
d
in
pu
ts
of
ca
rb
on
at
es
.
Se
gm
en
ts
D
to
F
we
re
lo
we
r
in
al
ka
li
ni
ty
,
ra
ng
in
g
fr
om
62
.6
to
78
.0
mg
/R
,
bu
t
we
re
qu
it
e
va
ri
ab
le
,
ha
vi
ng
bo
th
ig
ne
ou
s
an
d
se
di
me
nt
ar
y
drainage basin inputs.
De
To
ur
Pa
ss
ag
e
al
ka
li
ni
ty
an
d
ha
rd
ne
ss
va
lu
es
we
re
th
e
lo
we
st
fo
r
we
st
er
n
La
ke
Hu
ro
n
co
as
ta
l
se
gm
en
ts
,
65
an
d
85
mg
/1
,
re
sp
ec
ti
ve
ly
.
Th
es
e
lo
w
va
lu
es
re
fl
ec
t
th
e
mo
ve
me
nt
of
La
ke
Su
pe
ri
or
wa
te
r
th
ro
ug
h
th
e
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DeT
our
Pas
sag
e.
Lak
e S
upe
rio
r d
iss
olv
ed
ion
lev
els
are
ver
y l
ow;
Sch
els
ke
and
Rot
h (
13)
rep
ort
an
ave
rag
e a
lka
lin
ity
val
ue
for
Lak
e
Sup
eri
or
of
44
mg/
l.
Lak
e M
ich
iga
n,
how
eve
r,
has
muc
h h
igh
er
dis
sol
ved
ion
lev
els
.
Sch
els
ke
and
Rot
h (
13)
rep
ort
a m
ean
alk
ali
nit
y v
alu
e o
f
109
mg/
£ f
or
upp
er
Lak
e M
ich
iga
n s
tat
ion
s.
The
mix
ing
of
Lak
es
Mic
hig
an
and
Sup
eri
or
out
flo
ws
was
ref
lec
ted
in
val
ues
fro
m s
egm
ent
G,
whe
re
alk
ali
nit
y a
nd
har
dne
ss
lev
els
inc
rea
sed
WZO
Z o
ver
cor
res
pon
din
g D
eTo
ur
val
ues
.
Thi
s s
out
hwa
rd
inc
rea
se
in
bac
kgr
oun
d l
eve
ls
con
tin
ued
to
the
St.
Cla
ir
Riv
er,
due
to
wat
ers
hed
inp
uts
of
ion
s (
esp
eci
all
y c
alc
ium
and
mag
nes
ium
car
bon
ate
s)
fro
m M
ich
iga
n's
cal
car
eOu
s s
oil
s.
Emb
aym
ent
/ha
rbo
ur
are
as
had
wid
ely
ran
gin
g a
lka
lin
ity
val
ues
,
dep
end
ent
upo
n t
he
geo
log
y o
f a
dja
cen
t w
ate
rsh
eds
.
The
low
est
rep
ort
ed
lev
els
wer
e
at
the
Spa
nis
h R
ive
r
mou
th
and
Ser
pen
t
Har
bou
r,
whi
ch
are
inf
lue
nce
d b
y i
gne
ous
, l
ow
car
bon
ate
wat
ers
hed
s.
Sin
gle
—sa
mpl
e v
alu
es
at
the
se
loc
ati
ons
ran
ged
fro
m 8
.0
to
44.
0 m
g/l
.
Hig
h m
ean
val
ues
ran
gin
g f
rom
97.
9 t
o 1
09.
6 m
g/l
, o
ccu
rre
d a
t G
ode
ric
h,
Alp
ena
, a
nd
Che
boy
gan
, w
her
e t
rib
uta
rie
s d
rai
n l
ime
sto
ne
and
gla
cia
l s
oil
reg
ion
s,
rich in carbonates.
Hard
ness
leve
ls a
t Al
pena
and
Cheb
oyga
n we
re e
leva
ted,
with
mean
val
ues
of
116
.7
and
118
.4
mg/
£,r
esp
ect
ive
ly.
Har
bor
Bea
ch,
whi
ch
has
no
riv
er
inf
low
, h
ad
low
er
har
dne
ss
lev
els
, w
ith
a m
ean
val
ue
of
103
.0
mg/l.
pH
Thi
s m
eas
ure
of
hyd
rog
en
ion
con
cen
tra
tio
n,
or
aci
dit
y,
ref
lec
ts
prim
ary
prod
ucti
vity
and
the
stat
e of
carb
on d
ioxi
de-b
icar
bona
te-c
arbo
nate
buff
erin
g re
acti
ons.
Sinc
e ca
rbon
is a
prim
ary
plan
t nu
trie
nt,
its
leve
ls a
re a
ffec
ted
by a
lgal
prod
ucti
on.
As p
rima
ry p
rodu
ctio
n in
-
crea
ses,
carb
on d
ioxi
de,
bica
rbon
ates
, a
nd p
ossi
bly
carb
onat
es a
re
cons
umed
, s
omet
imes
incr
easi
ng p
H to
valu
es >
9.
Valu
es
at o
r sl
ight
ly
abov
e ne
utra
lity
(7.0
to 8
.0)
are
typi
cal
of o
ligo
trop
hic,
low-
carb
onat
e
waters.
Bec
aus
e t
hor
oug
h m
ixi
ng
occ
urs
in
Lak
e H
uro
n c
oas
tal
wat
ers
,
sed
ime
nt
and
hyp
oli
mne
tic
inf
lue
nce
s o
n p
H w
ere
not
see
n.
Seg
men
ts
D t
o
F a
nd
the
DeT
our
Pas
sag
e
had
low
pH
val
ues
ref
lec
tin
g l
ow-
car
bon
ate
inp
uts
fro
m i
gne
ous
wat
ers
hed
s
and
the
pH
of
Lak
e
Sup
eri
or.
Mea
n v
alu
es
fo
r
th
es
e
se
gm
en
ts
ra
ng
ed
fr
om
7.4
to
7.7
.
Al
l
ot
he
r
La
ke
Hu
ro
n
se
gm
en
ts
ha
d
pH
va
lu
es
ra
ng
in
g
fr
om
7.9
to
8.1
,
si
mi
la
r
to
th
e
op
en
—w
at
er
,
lak
ewi
de
mea
n
of
8.0
,
rep
ort
ed
by
Wei
ler
and
Cha
wla
(22
).
Emb
aym
ent
/
har
bou
r
are
as
had
wid
e-r
ang
ing
pH
val
ues
,
cor
res
pon
din
g
clo
sel
y
to
car
bon
ate
inp
uts
.
The
Spa
nis
h R
ive
r m
out
h a
nd
the
Ser
pen
t H
arb
our
had
the
low
est
me
an
val
ues
,
7.0
8
and
7.3
0
res
pec
tiv
ely
.
The
rem
ain
ing
emb
aym
ent
/ha
rbo
ur
are
as
had
pH
val
ues
ran
gin
g f
rom
7.7
to
8.2
.
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 SULPHATE, CHLORIDE, AND CONDUCTIVITY
The specific conductance of the Great Lakes ranges from 100 to 350
uS/cm, with Lake Superior exhibiting 95—100, Lake Erie 250-300,and Lake
Ontario 325—350 uS/cm. Figure 4.1—13 illustrates conductivity levels in
the surface waters of Lake Huron nearshore segments A to I.
Annual mean conductivity values ranged from 156 uS/cm in segment F
to 227 pS/cm in segment B. The high level in segment B of Lake Huron is
attributed to the inflow of the Maitland River, which drains a large
portion of the productive agricultural lands of Huron County as well as
carrying chloride loading from a salt processing industry (Domtar Chemicals
Ltd., Sifto Salt Division) near Goderich Harbour (3).
The Maitland River is a significant contributor of chloride loading
to Lake Huron (1973 mean loading of 347 x 103 kg/d).
Figure 4.1-14
indicates that average chloride levels were higher in segment B (6.9
mg/l) than in all other nearshore segments.
Mean levels of 22.2 mg/l
and 17 mg/l chloride were reported in Goderich Harbour during springand
fall 1974. Correspondingly high conductivity levels were also noted in
the harbour (1.3 times that of offshore values)(3).
In the embayment/harbour areas of segments G and I, conductivity
decreased with distance from shore at all locations (9). In contrast to
conductivity, sulphate and chloride at Cheboygan (Table 4.1-3) showed
higher levels at offshore stations.
The cause of this phenomenon was
not identified.
Offshore stations at Alpena (Table 4.1—3) had chloride
values much lower than segment C (Figure 4.1—14). At Harbor Beach,
sulphate and chloride were greater than segment I mean values which is
probably due to restricted dilution of industrial discharges by harbour
configuration.
Among the embayment areas in Georgian Bay, Parry Sound had the
lowest levels of chloride, sulphate, and conductivity, reflecting the
major differences in background geochemistry as influenced by regional
geology and soils (3). Parry Sound is surrounded by the Canadian
Shield, whereas Owen Sound, Collingwood, and Penetang-Midland are influ—
enced by glaciatedregions.
Levels of dissolved solids in segment F (North Channel) reflect the
influence of Lake Superior waters. This segment had the lowest amount
of dissolved ions of all areas studied and was closest to the conductivity
level of Lake Superior (100 US/cm)(23).
The annual averages of sulphate throughout all nearshore segments
closely followed the mean annual values of chloride. The highest and
lowest levels were observed in segments B and F, respectively (Figure
4.1-15).
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ORGANICS
PESTICIDES AND PCB'S
Pesticides
and
PCB'S
in
water
were
measured
only
in
segments
G
and
I.
DDD,
DDE,
and
PCB'S
(Arochlor
1242,
1254,
and
1260)
were
not
found
above
detection
levels
of
0.001,
0.001
and
0.01
ug/ﬂ,
respectively.
DDT
concentrations
were
above
the
detection
limit
of
0.001
ug/Q
in
5
samples
which
ranged
from
0.001
to
0.004
ug/ﬁ.
DeTour,
Cheboygan,
and
Presque
Isle
each
had
one
sample
with
measurable
DDT
levels
and
Lexington
had
two
samples
with
measurable
levels.
Dieldrin
was
above
the
detection
limit
of
0.001
Ug/Q
in
only
one
sample
from
DeTour.
PHENOLS
Phenols
were
measured
in
segments
A
to
F
and
in
all
Ontario
embay-
ment
areas.
The
Spanish
River
mouth
was
especially
important
for
phenol
determination
in
View
of
a
kraft
pulp
and
paper
mill
upstream
at
Espanola
(2).
In
1973,
the
Spanish
River
contributed
15.5%
of
total
phenol
loadings
(140
kg/d)
from
all
documented
sources
to
segments
A
to
F.
In
June
1974,
phenol
levels
at
the
mouth
averaged
3
ug/£
with
a
maximum
reported
value
of
14
ug/i.
During
the
May
1975
survey,
levels
averaged
1.3
ug/R
with
a
maximum
reported
value
of
2
ug/Q.
Taste
and
odour
problems
in
fish
flesh
as
a
result
of
the
upstream
pulp
and
paper
mill
discharge
have
also
been
documented
(10).
Oxygen
bleaching,
which
would
minimize
the
discharge
of
tainting
compounds,
is
now
under
consideration
at
the
Eddy
Forest
Products
mill
in
Espanola.
Historical
data
indicate
that
the
phenol
level
has
increased
in
segments
B
and
C
from
none'detected
in
1967
to
1
ug/k
in
1974,
although
the
precision
of
the
test
at
such
low
levels
may
not
warrant
such
a
conclusion.
Parry
Sound
had
phenol
levels
within
Agreement
objectives
and
Ontario’s
domestic
water
supply
criteria
(Appendix
C)
except
for
two
different
occasions
at
a
station
near
the
mouth
of
the
harbour
where
levels
of
2
and
5
ug/R
were
reported
in
1974
(2
out
of
13
samples)
(3).
No source of these levels has been identified.
RADIOACTIVITY
In
general,
the
overall
levels
of
radioactivity
entering
Serpent
Harbour,
as measured
at Highway
17 on
Serpent
River
(Table
4.1-4),
have
decreased
since
the
late
1960's,
e.g.
226Ra,
gross
a,
and
gross
8 had
averaged
9,
27,
and
35
pCi/2,
respectively
during
the
period
1966-70.
During
the
period
1971-76,
levels
of
226Ra,
gross
a,
and
gross
B averaged
5.7,
16, and 19 pCi/ﬁ,
respectively.
The reduction of radioactivity
levels in water can be attributed to a decrease in mining activity,
reuse of process waters, natural decreases in streamflows, and the use
of barium chloride treatment.
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i
’ TABLE 4.1-4
Ni ANNUAL SUMMARIES FOR SERPENT HARBOUR, NORTH CHANNELa
ﬂ.
2251221 GROSS (x GROSS B 238U
"i YEAR pCi/2 pCi/Q, pCi/JZ, ug/IL
19; 1966 11.7 40.3 29.3 10.0
'i 1967 8.8 22.1 31.2 10.3
.f 1968 8.8 33.8 35.5 10.0
A; 1969 7.3 30.9 35.4 10.0
iii 1970 8.7 32.9 38.9 10.1
}§U§ 1971 6.5 27.9 30.2 10.0
?§ 1 1972 5.7 14.6 22.4 10.0
33,: 1973 6.1 15.6 20.4 10.5
3; 1974 5.5 13.2 13.5 10.0
ii 1975 5.4 8.2 15.9 -
E: 1976 5.3 15.0 14.3 <10.
1I i
a. From References (21) and (49‘).
9H
1?
1
178
 
Du
r
i
n
g
two
1975
surveys,
226Ra
levels
>3
pCi/R,
the
p
e
r
m
i
s
s
i
b
l
e
c
r
i
t
e
r
i
o
n
for
s
ur
f
a
c
e
w
a
t
e
r
s
up
p
l
y
(Appendix
C),
w
e
r
e
n
o
t
e
d
w
i
t
h
i
n
S
e
r
p
e
n
t
Harbour.
On
M
a
y
30,
1975,
an
area
w
i
t
h
i
n
the
h
a
r
b
o
u
r
e
xt
e
n
d
i
n
g
5
k
m
f
r
o
m
Serpent
R
i
ve
r
m
o
ut
h
h
a
d
226Ra
levels
g
r
e
a
t
e
r
than
the
criterion.
D
u
r
i
n
g
the
S
e
p
t
e
m
b
e
r
23,
1975
s
ur
ve
y
226Ra
levels
in
excess
of
the
c
r
i
t
e
r
i
o
n
w
e
r
e
n
o
t
e
d
for
an
area
e
xt
e
n
d
i
n
g
2.7
k
m
from
the
r
i
ve
r
m
o
ut
h
(4)-
R
a
d
i
o
l
o
g
i
c
a
l
w
a
t
e
r
s
a
m
p
l
i
n
g
h
a
s
b
e
e
n
d
o
n
e
o
f
f
t
h
e
D
o
u
g
l
a
s
P
o
i
n
t
n
u
c
l
e
a
r
r
e
a
c
t
o
r
S
i
n
c
e
1967,
at
t
h
e
s
a
m
e
t
i
m
e
as
c
o
n
v
e
n
t
i
o
n
a
l
w
a
t
e
r
sampling.
In
general,
the
m
e
a
s
u
r
e
d
p
a
r
a
m
e
t
e
r
s
at
lake
s
a
m
p
l
i
n
g
p
o
i
n
t
s
used
h
a
ve
n
o
t
i
n
d
i
c
a
t
e
d
the
p
r
e
s
e
n
c
e
of
r
e
a
c
t
o
r
wa
s
t
e
p
r
o
d
uc
t
s
at
m
e
a
s
u
r
a
b
l
e
levels
(Table
4.1-5).
E
l
e
va
t
e
d
3H
va
l
ue
s
r
e
c
o
r
d
e
d
d
ur
i
n
g
July
1973
c
o
i
n
c
i
d
e
d
w
i
t
h
equipment
m
a
l
f
u
n
c
t
i
o
n
at
the
station;
see
C
h
a
p
t
e
r
6.11
for
f
ur
t
h
e
r
discussion.
T
r
i
t
i
u
m
releases,
w
h
i
c
h
a
c
c
o
un
t
for
the
largest
number
of
curies
of
radioactivity
from
CANDU
reactors,
are
within
the
release
limits
set
by
the
Atomic
Energy
Control
Board
and
do
not
result
in
any
appreciable
increase
in
radioactivity
dose
over
the
background
from
atmospheric
fallout.
HEAVY METALS
During
the
present
study,
heavy
metals
in
water
were
measured
only
at
selected
sites
in
segments
G
and
I.
Total
nickel
levels
were
detectable
(:5
pg/l)
in
3
samples
from
Harbor
Beach
and
in
one
sample
each
from
Alpena
and
Presque
Isle.
None
of
the
values
exceeded
the
proposed
Agreement
objective
for
the
pro-
tection
of
fish
and
wildlife
(Appendix
C).
Manganese
was
measurable
(31.0
pg/l)
in
all
samples
with
no
locations
having
levels
>20
ug/£,
except
at
Alpena
where
the
values
rangedfrom
4
to
60
ug/R.
The
highest
level
at
Alpena
exceeded
the
U.S.
Drinking
Water
Standard
of
50
ug/£
(Appendix
C).
The
source
of
this
contaminant
has not been identified.
Iron
levels
were
variable,
ranging
from
below
the
detection
limit
(5
ug/k)
to
1,000
ug/l.
At
Harbor
Beach
and
Alpena
several
samples
exceeded
both
the
U.S.
Drinking
Water
Standard
and
the
proposed
Agreement
objective
for
fish
and
aquatic
life
(300
ug/Z,
Appendix
C).
The
sources
of
contamination
have
not
been
determined
at
these
sites.
Individual
copper
values
ranged
from
below
detection
limits
(1
ug/Q)
at
Alpena
to
70
ug/2
at
Presque
Isle.
Mean
levels
at
individual
locations
in
segments
G
and
I
ranged
from
1.54
ug/£
at
Lexington
to
8.33
ug/ﬂ
at
Tawas
City.
All
measured
copper
levels
were
within
acceptable
limits
according
to
U.S.
water
quality
criteria
for
raw
water
but
several
individual samples exceeded the proposed Agreement objective of 5 ug/2
for the protection of fish and aquatic life.
Zinc levels ranged from below the detection limit (1 ug/ﬁ) at Tawas
City and Lexington to 120 ug/2 at DeTour Passage.
The proposed Agreement
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 DOUGLAS POINT - BRUCE INSHORE SURFACE WATERa
TABLE 4.1—5
    
LOCATION SAMPLING ANN AL AVERAGE IN pci/2
STAT
ION
NORT
H LA
T.
NEST
LONG.
DATE
GROS
S on
GROS
S B
31-1
226R
a
113 44°18'24" 81°38'12" 1967 <1 6 - 0 2
1969 <1 5 <1700 —
1970 <1 4 <17OO —
1971 <1 4 <17OO 1
1972 <1 5 <17OO —
1973 <1 2 <1700 —
1974 <1 2.7 <17OO —
1975 <1 2.0 <17OO —
1976 <1 3.0 <300 -
114 44°19'42" 81°37'24" 1967 <1 5 — 0 3
1969 <1 6 <17OO —
1970 <1 4 <17OO -
1971 <1 6 <17OO 1
1972 1 5 <17OO —
1973 <1 2 <1700 —
1974 <1 3.7 <17OO —
1975 1 2.3 <1700 —
1976 <1 4.4 <300 -
115 44°20'48" 81°36'08" 1967 1 5 — 0.3
1971 <1 3 <17OO <1
1972 <1 5 <17OO -
1973 b <1 2 <17OO —
9 July 1973 <1 2 9300 —
1974 <1 3 <1700 —
1975 1 2.7 <17OO —
1976 <1 5.2 <300 —
116 44°18'24" 81°36'42" 1967 <1 7 — 0 4
1970 <1 5 <17OO —
1971 <1 3 <1700 1
1972 1 4 <17OO —
1973 <1 2 <1700 —
1974 <1 3 <17OO —
1975 <1 1.3 <17OO —
1976 <1 2.3 <300 -
117 44°20'09" 81°35'42" 1967 2 7 — 0 1
1970 — 4 2040 —
1971 <1 4 <17OO <1
1972 <1 5 <17OO -
1973 b <1 1 <17OO —
9 July 1973 <1 1 46200 —
1974 <1 3 <17OO -
1975 1 2.7 <1700 —
1976 <1 3.4 <300 —
121 44°19'33" 81°36'50" 1971 <1 3 <17OO 1
1972 <1 5 <17OO -
1973 b <1 2 <17OO —
9 July 1973 <1 2 11100 -
1974 <1 3.3 <17OO -
1975 1.3 3.0 <1700 —
1976 <1 2.3 <300 -
122 44°20'02" 131°36'45" 1971 <1 4 <1700
1972 <1 5 <17OO -
1973 b <1 2 <17OO —
9 July 1973 <1 2 30300 —
1974 <1 3 <17OO —
1975 1 3 <1700 —
1976 <1 2.2 <300 —
123 44°20'55" 81°34'36" 1971 <1 4 <17OO 1
1972 <1 4 <17OO —
1973 b <1 2 <17OO —
7 July 1973 <1 1 8500 —
1974 <1 3 <17OO —
1975 <1 2 <1700 —
1976 <1 2.7 <300 —
364 44°19'03" 81°36'50" 1972 <1 8 <17OO —
1973 b <1 2 <17OO —
9 July 1973 <1 2 25900 -
1974 <1 3.7 <17OO —
1975 <1 2.7 <17OO —
1976 <1 3.7 <300 —
368 44°18'45" 81°36'45" 1975 2 3.7 <17OO —
369 44°18'42" 81°37'09" 1975 1 2.7 <17OO —
37o 44°19'18" 81°37'06" 1975 <1 2.3 <17OO —
371 44°19'33" 81°36'27" 1975 1 3.0 <17OO —
1976 <1 4.0 <300 .
373 44°20'54" 81°35'21" 1975 1 2.7 <1700 —
1976 <1 2.8 <300 —
     
a.
b.
From References (21) and (49).
Special set of samples.
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objective
is
30
ug/Q;
however,
no
location
mean
exceeded
this
value.
Location
means
were
lowest
at
Alpena
(6.6
ug/Q)
and
highest
at
DeTour
(19.5 ug/K).
Total
arsenic,
selenium,
cadmium,
and
mercury
were
not
detected
at
or
above
the
detection
limits
of
1.0,
1.0,
2.0,
and
0.2
ug/Q,
respectively.
Lead
was
frequently
below
the
detection
limit
(5
ug/ﬂ)
and
the
highest
level
was
recorded
at
Alpena
(12
ug/Z).
All
measured
lead
levels
were
within
the
U.S.
Drinking
Water
Standard
(50
ug/R)
and
the
proposed
Agreement
objective
for
fish
and
wildlife
in
Lake
Huron
(2O
ug/R) (Appendix C).
Most
total
chromium
levels
were
below
detection
(1
ug/Q),
with
2.0
ug/£
the
highest
level
reported
and
all
levels
were
wellwithin
the
limits
of
the
proposed
Agreement
objective
(Appendix
C).
SEDIMENTS
Samples
of
the
top
5
cm
of
surficial
sediment
were
collected
between
May
1974
and
May
1975,
from
Lake
Huron
segments
A
to
I,
major
harbours,
and local
impacted
areas
(Table
4.1—6)
and
were analyzed
for
PCB's,
pesticides,
and
total
metals
(zinc,
cadmium,
lead,
mercury,
copper, chromium, nickel, and iron).
HEAVY METALS
Mean
concentrations
and
simple
statistics
of
zinc,
cadmium,
lead,
mercury,
copper,
chromium,
nickel,
and
iron
are
presented
in
Table
4.1—
6; the regional differences in sediment characteristics for these metals
are depicted elsewhere
(2-4,9).
Because of the apparent similarity of
the type of sediments and small sample size, Lake Huron segments A and B
are discussed together as one nearshore segment.
The predominant surficial
sediments in the nearshore regions of
Lake Huron are comprised of sand and gravel derived from erosional
processes operating on the underlying glacial tills (24) and are low in
organic matter.
Nearshore segments E and F lie in Precambrian rock of
the Canadian Shield.
The southern part of Lake Huron lies wholly within
. Paleozoic rocks, mostly dolomites.
The lowest levels of all the heavy
metals, except cadmium, were found in the surficial sediments of Lake
Huron segments A to C, compared to segments D and E of Georgian Bay,
segment F of the North Channel, and harbours.
Sediment samples from
segment F, which ranged from sand to clay, contained the highest levels
of zinc, lead, mercury, copper, chromium, and nickel.
Most of the heavy
metal concentrations in segment D were higher than the adjacent segment
E. Heavy metal levels in non—industrialized nearshore areas reflect
natural levels due to soil weathering and geochemical processes. It is
also possible that these segments may be affected by the transport of
sediment from industrialized areas.
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TABLE 4.1—6
HE
AV
Y
ME
TA
LS
IN
SU
RF
IC
IA
L
SE
DI
ME
NT
S
OF
LA
KE
HU
RO
N
               
CONCENTRATION IN LIL/kg _
Sam
ple
Zin
c
Cad
miu
ma
Lea
d“
Mer
cur
y
Area
Size
Kin.
Mean
Std.
Min.
Mean
Std.
Min.
Mean
Std.
Min.
Mean
Std.
Max.
Dev.
Max
Dev.
Max
Dev.
Max.
Dev.
Lake
Huron
8
12.0
17.75
4.46
<1.9
9.4
16.55
6.3
<0.01
A 8
8
25
2.9
29.0
<0.01
Lake
Huro
n
6
3.93
9.02
4.5
<2.0
1.3
15.5
11.0
0.00
6
C
16.0
12.0
28.5
0.01
1
Gode
rich
3
15.7
29.7
16.3
<2.0
33.1
49.9
16.1
0.01
9
0.05
9
0.03
5
Harbo
ur
47.6
2.96
65.1
0.082
Georg
ian B
ay
12
7.5
65.1
35.1
<2.0
6.04
28.2
12.8
0.005
D
115
2.9
47
0.064
Georg
ian B
ay
6
4.99
54.6
31.9
<1.0
<6.0
<0.01
8
98.1
2.97
46.0
0.045
Tube
r-Dr
y
3
81.6
90.5
8.7
2.85
2.91
0.06
60.7
75.6
24.6
0.04
2
0.05
1
0.00
8
Harbo
ur
99.0
2.97
104.0
0.056
Owen
Soun
d
6
57.2
103.
7
47.7
<2.0
26.4
75.6
53.1
0.02
6
0.16
6
0.14
3
Harbo
ur
187.0
3.95
174.0
0.435
Colli
ngwoo
d
3
99.1
116.4
15.1
3.92
4.19
0.27
85.8
162.3
98.9
0.084
0.146
0.06
Barbo
ur
127.0
4.46
274.0
0.189
Penet
ang-
8
89.0
130.5
42.6
<1.9
30.6
57.2
24.2
0.052
0.18
0.16
Midla
nd
228.0
2.84
104.0
0.52
Parry
Sound
20
25
107.9
73.7
0.5
9
41.6
35.7
0.02
0.12
0.14
Harbo
ur
290
3.98
160
0.534
North
Chann
el
19
17.8
95.29
71.42
<2.0
2.5
31.31
24.94
<0.01
1’
233.0
3.95
99.2
0.149
Spani
sh
19
17.5
83.8
49.25
0.50
2.53
1.14
1.8
26.38
18.18
0.01
0.055
0.034
Harbo
ur
213.0
3.98
82.0
0.127
Serpe
nt
20
44
155.9
52.3
<1.0
11
52.2
21.99
0.04
0.077
0.040
Harbo
ur
226
2.0
83
0.12
De'l‘ou
r
1
5.4
<0.4
<1
<0.1
Chebo
ygan
5
5.6
40.7
55.8
<0.4
<1
4.7
3.7
<0.1
140 10
Preaq
ue Is
le
l
34
<0.4
19
<0.l
Alpeu
a
6
24
31.0
7.3
<0.4
8
15.0
8.0
<0.1
44 30
Harrisville 1 26 <0. 4 4 (0.1
Tova:
City
6
12
19.6
5.5
<0.4
5
10.0
4.3
<0.1
26 16
Harbor Beach 4 44 126.0 57.2 <0.4 12 26.5 10.5 <0.1
170 36
Lexington 1 70 <0. 4 13 <0.1
CONCENTRATION IN 1|;ka
Sanpl
e
Copper
“I
Chrom
iuma
Nicke
l"
Iron
1
Area
Size
Min.
Mean
Std.
Hln.
Hean
Std.
Min
Mean
Std.
Kin.
Mean
Std.
Hex. Dev. Max Dex). Max Dev. Max. Dev.
Lake H
uron
8
2.9
10.2
7.6
5.5
12.5
4.6
3.0
11.9
4.9
0.4
0.71
0.25
A 6 8 25 20.0 19.0 1.1
Lake Huron 6 <5.0 4.5 11.7 3.9 <4.5 0.4 0.56 0.27
C 7.5 16.5 21.0 1.1
Goderich 3 12.8 18.0 6.9 15.2 20.9 6.7 10.8 16.67 6.34 0.55 0.92 0.40
Harbour 25.9 28.3 23.4 1.35
Georgian Bay 12 <5.0 25.1 16.7 <7.0 25.5 16.4 11.8 36.7 17.9 0.40 2.28 1.36
D 52.0 55 58.0 4.0
Georgian
Bay 6
(5.0
<5.0
<5.0
0.73
1.75
0.58
E
32.3
35.6
78.0
2.4
Taber
-cry
3
28.2
32.4
4.8
39.9
43.1
2.9
35.4
42.4
6.4
1.23
1.4
0.17
Harbo
ur
37.7
45.7
47.9
1.56
Owen So
und
6 2
0.0
38.6
14.7
14.0
17
4.2
27.0
31.4
6.9
1.18
1.5
0.49
Harbour 62.7 20.0 45.0 2.5
Collingvood 3 37.2 44.7 6.85 23.8 24.7 1.29 28.3 31.3 2.7 1.08 1.14 0.07
Harbour 50.6 26.3 33.3 1.21
Penetahg- 8 15.3 28.5 10.9 28.7 65.4 40.7 19.1 36.7 22.4 1.3 2.47 0.62
Midland 43.9 156.0 88.0 3.28
Parry Sound 20 6.0 24.5 9.9 4.0 19.9 13.0 4.0 18.21 9.48 0.3 2.33 1.50
Harbour 42.0 53.5 32.0 6.7
North Channel. 19 <5.0 7.92 37.08 21.92 19.8 109.6 142.8 0.57 2.06 1.069
1' 489.0 68.9 562 4.85
Spania
h
19
-
-
-
10
35.11
15.06
-
-
-
0.84
1.46
0.1.5
Harbou
r
62
2.I.2
Serpent 20 14.0 40.45 15.34 13 29.95 9.15 20 103.5 95.84 0.89 1.88 0.51
Harbour 68.0 46 335 2.88
De‘rour
’1
1.2
<0.2
2
0,26
Cheboygan 5 1.0 4.60 3.99 2.0 6.72 6.48 <1 4.7 4.4 0.20 0.392 0.279
16.0 18.0 12 0,86
Prcaq
ue Ia
le
1
11.0
7.8
20
0,43
Alpena 6 3.8 6.53 3.24 3.0 5.26 1.66 6 10.0 3.2 0.32 0.460 ‘ 0.128
12.0 7.2 15 (L50
Harriaville 1 1.8 2.8 5 0.62
Tavaa City 6 3.0 6.86 3.82 0.6 7.50 5.11 7 13.0 5.6 0.22 0.533 0.248
12.0 14.0 20 0.80
Harbor
Beach
4
14.0
20.00
4.30
11.0
14.20
3.50
24
30.5
5.7
1.70
3,400
2.970
24.0
19.0
33
7.80
Lexington 1 4.6 3.4 10 o_52
_
 
a. If nun and Std. Dev. are not ahown, lean than value. were found for more than 151 of the samples.
 Ontario guidelines for heavy metals in sediment apply only to the
disposal of dredging spoils in open water. Dredging takes place at
Goderich, Bayfield, and Grand Bend and for these areas, sediments were
not found to be polluted in excess of the Ontario guidelines.
The nearshore sediments at locations on the Michigan side of Lake
Huron were characterized by low levels of heavy metals(Table 4.1-6).
Zinc levels at Cheboygan and Harbor Beach exceeded the U.S. Environmental
Protection Agency (EPA) dredge spoils guidelines (Appendix C). Iron and
chromium were also found at elevated levels in the Harbor Beach sediments.
PCB'S AND PESTICIDES
Only two out of 17 samples from the stations in segments A to C,
i.e. at the Ausable River mouth and near Bayfield contained detectable
amounts of PCB's (36 to 94 ug/kg). Pesticides were either below the
detection level or were present in trace amounts. Detectable PCB levels
in 19 sediment samples from Georgian Bay segments D and E (out of a
total of 52 samples) ranged from 15 to 900 ug/kg with concentrations
>100 ug/kg being detected in the sediments at Owen Sound and Collingwood
Harbour. These embayments also contained small amounts of DDT and its
metabolites in sediment samples (Table 4.1-7).
An average of 68 ug/kg of PCB'S and small amounts of pesticides (5
ug/kg) were found in sediment samples from the Spanish River mouth.
Trace amounts of PCB's and pesticides were found in some sediment
samples from the North Channel segment F while most samples contained
non-detectable amounts. Except for the few stations in Collingwood
Harbour and Owen Sound, these results suggest that the surficial sedi-
ments of Lake Huron segments A to F are devoid of any detectable hazardous
PCB'S and pesticides contamination.
The nearshore sediments of Lake Huron segments G and I were char-
acterized by low levels of pesticides and PCB'S. However, measurable
DDT residues were found in samples at two control areas, Presque Isle
(16
.3
ug/
kg
tot
al
DDT
) a
nd
Har
ris
vil
le
(3.0
ug/
kg
tot
al
DDT
).
Alp
ena
, C
heb
oyg
an,
and
Har
bor
Bea
ch
gen
era
lly
had
hig
her
con
cen
-
tra
tio
ns.
Che
boy
gan
ave
rag
ed
7.2
ug/
kg
tot
al
DDT
in
sed
ime
nt.
Alp
ena
had
tot
al
DDT
con
cen
tra
tio
ns
ran
gin
g f
rom
3.9
to
30.
7 u
g/k
g i
n s
edi
men
ts.
Lev
els
of
PCB
'S
in
the
sed
ime
nts
at
Har
bor
Bea
ch
(18
to
27
ug/
kg)
,
the
onl
y U
.S.
loc
ati
on
at
whi
ch
PCB
'S
wer
e f
oun
d i
n s
edi
men
t a
t c
onc
ent
rat
ion
s
abo
ve
det
ect
ion
lev
els
,
int
erf
ere
d w
ith
the
ana
lys
is
of
pes
tic
ide
s.
OILS AND GREASE
At
Che
boy
gan
,
Alp
ena
, a
nd
Har
bor
Bea
ch
sed
ime
nt
was
fou
nd
to
exc
eed
th
e
EP
A
dr
ed
ge
sp
oi
l
gu
id
el
in
e
fo
r
oi
ls
an
d
gr
ea
se
.
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TABLE 4.1—7
CO
NC
EN
TR
AT
IO
NS
OF
PCB
’S
AND
PES
TIC
IDE
S
IN
THE
NEA
RSH
ORE
SURFICIAL SEDIMENTs OF LAKE HURON
CONCENTRATION IN ug/kg
Area
Samp
le
PCB
DDE
Diel
drin
DDD
pp D
DT
op D
DT
Size
Lake
Huro
n
8
65
a
a
a
a
a
A a. B (2)
Lake Huron 6 a a a a a a
C
Georgian Bay 12 46.6 2.5 1.6 2.8 1.5 a
D (5) (4) (3) (6) (6)
Georgian Bay 6 40 b a a a a
E (1)
Tobermory ' l 40 4 a a 2 2
HarbOur
Owen Sound 6 267.5 13.6 4.5 14.3 4.2 a
Harbour (4) (2)
Collingwood 3 853 8.3 a 14 5 c
Harbour
Penetang— 8 32 2.2 1.1 5 b a
Midland (4) (2) (4) (2)
Parry Sound 19 a a a a a a
Harbour
North Channel 19 a 3.5 a 4.3 6.7 7
F (6) (5) (4) (2)
Spanish 18 56.8 1.4 a 1.9 1.8 a
Harbour r (16) (16] (16) (16)
Serpent 16 a 1.3 a a a a
Harbour
a. Non-detectable.
b. Trace.
c. Not Analyzed.
d. Parentheses denote the number of samples above detection limit.
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 AQUATIC BIOLOGY
Biological communities react measurably to subtle changes in water
quality, thereby permitting an assessment of water quality integrated over
time. Long-term changes in the biological community permit evaluation of
changes in water quality that would not be readily detectable by routine water
chemistry measurements.
The present structure and composition of phytoplankton, zooplankton, and
benthic invertebrate communities in the nearshore waters of Lake Huron, when
compared with past data, yield estimates of changes of populations which can
correlate with present water quality and recent water quality trends. Analysis
of the population of the species preSent and their known pollution tolerance
indicates the trophic status or enrichment of the water body. Additionally,
coliform bacteria levels in water and the presence of toxic materials in fish
tissue point out areas where inputs may be potentially hazardous to human
health.
MICROBIOLOGY
Information which complements the description of nearshore bacteriological
water quality, given below, is presented in Chapter 5.5.
MICHIGAN
In Michigan, data were collected in Segments G and I and at DeTour and
Cheboygan (25)(Table 4.1—1). Elevated total coliform counts were observed at
Cheboygan, Alpena, Tawas City, and Harbor Beach, where municipal wastes are
discharged to tributaries flowing into Lake Huron (Table 4.1-8). Maximum
total coliform densities were recorded at river mouth stations. The mouths of
the Cheboygan, Thunder Bay, and Tawas Rivers had total coliform counts >1,000/1OO
mR. Water at the mouth of the Thunder Bay River had total coliform counts up
to 18,000/100 m2. Total coliform densities in 29% of the samples from Alpena
exceeded the Agreement objective (Appendix C). In the spring, Cheboygan and
Harbor Beach total coliform densities exceeded objectives and in the fall
objectives were exceeded at Tawas City and Lexington (Segment I). All samples
from DeTour and Presque Isle had total coliform densities <200 counts/100 mﬂ.
All fecal coliform densities at DeTour, Harrisville, and Lexington were
below detection limits (10 counts/100 m£)(Table 4.1-9). Fourteen percent of
the samples from Cheboygan and Alpena had fecal coliform counts >200 organisms/
100 mR during the spring. During the fall 14% of the Tawas City samples had
fecal coliform counts >200 organisms/100 m£. As with total coliforms, fecal
coliform densities were highest at river mouth stations. Maximum fecal coliform
densities (470 counts/100 mk) were found at the mouth of the Cheboygan River.
Feca
l st
rept
ococ
ci d
ensi
ties
were
gene
rall
y at
or b
elow
the
dete
ctio
n
limi
t (
10 c
ount
s/10
0 m£
)(Ta
ble
4.1-
10).
Tawa
s Ci
ty s
ampl
es e
xcee
ded
100
coun
ts/1
00 m
l du
ring
the
spri
ng.
Duri
ng t
he f
all,
all
loca
tion
s ha
d <5
0
c0un
ts/1
00 m
2.
When
dete
cted
, m
axim
um f
ecal
stre
ptoc
occi
dens
itie
s we
re
foun
d
at or near river mouth stations.
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TABLE 4.1-8
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 TABLE
4.1-9
FECAL COLIFORM DENSITIES IN THE NEARSHORE WATERS OF LAKE HURON, 1974 AND 1975a
LOCATION
P E R C E N T
O F
S A M P L E S
I N
C O U N T
R A N G E
1
8
7
ONTARIO
MAY — JUNE, 1974
JULY — SEPTEMBER, 1974
OCTOBER — DECEMBER, 1974
APRIL — MAY, 1975
<
—1
2 — 99
E1
2 — 99
E1
2 - 99
100—199
2200
E1
2 — 99
'96
10
_§§
42
‘EE
18
82
18
76
16
a
4
65
35
98
2
100
100
100
91
9
95
5
100
100
89
11
79
21
92
8
 
Segment
Segment
Segment
Segment
Segment
Segment
<
m
o
D
m
m
   
MICHIGAN
JUNE — JULY, 1974
SEPTEMBER, 1974
<10
10 — 99
2200
<10
10 ~ 99
100—199
2200
DeTour
100
100
Cheboygan
86
14
71
29
Segment G
93
7
100
Alpena
50
36
14
64
21
14
Tawas City
93
7
86
19
Segment I
100
100
Harbor Beach
57
43
79
21
   
a.
All analyses done by Millipore filter method.
Data repoted by Ontario Ministry of the Environment (2)
and the Michigan Water Resources Commission (25).
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1975
a
LOCAT
ION
P E R
C E N
T O
F S
A M P
L E S
I N
C 0 U
N T
R A N
G E
ONTAR
IO
MAY —
JUNE,
1974
JULY
— SEP
TEMBE
R, 19
74
OCTOB
ER —
DECEM
BER,
1974
APRIL
— MAY
, 197
5
<
<
<
>
2—19
20 - 99
:1_
2 — 19
V20 — 9
9
—1
2 — 19
‘:1 2
— 19
-100
70
3
75
25
82
9
9
36
96
4
40
45
15
100
83
17
   
Segment
Segment
Segment
Segment
Segment
Segm
ent
89
11
42 55
3 100
7 9
3
97
3
C
a
n
t
o
n
—
4
m
|
\
O
x
<
m
o
a
m
m
N
H
O
"
x
\
   
1
8
8
MICHIG
AN
JUNE -
JULY,
1974
SEPTEMB
ER, 19
74
:19
10 —
19
20 —
99
3100
:19_
10 —
19
20 —
99
DeTour
100
100
‘
Cheboygan
86
14
93
Segment
G
83
17
92
8
Alpena
6A
14
21
100
Tawas
City
79
14
7
86
14
Segment
1
100
83
17
Harbor
Beach
64
21
14
79
21
 
:
\
  
a. All
analyses
done by Mi
llipore f
ilter meth
od. Data
reported b
y Ontario
Ministry
of the Env
ironment
(2) and
the M
ichig
an Wa
ter R
esour
ces C
ommis
sion
(25).
    
 No
consistent
seasonal
trends
were
apparent
for
total
and
fecal
coliforms
or
fecal
streptococci
populations.
ONTARIO
Ontario
microbiology
data
were
collected
in
segments
A—F
and
selected
embayments
(Table
4.1-1)(2,3).
The
nearshore
waters
of
segments
A—F
were
generally
free
of
fecal
contamination
with
the
majority
of
total
coliform,
fecal
coliform,
and
fecal
streptococci
counts
within
Agreement
objectives
and
agency
water
use
criteria
(Appendix
C).
For
total
coliforms,
the
objective
and
criteria
were
exceeded
for
3%
of
the
samples
collected
during
July—September,
1974
in
segment
E,
14%
of
the
samples
collected
during
October—December,
1974
in
segment
B,
and
5%
of
the
samples
collected
during
April—May,
1975
for
segment
B
(Table
4.1—8).
During
October-December
1974,
4%
of
fecal
coliform
samples
collected
in
segment
B
exceeded
the
Agreement
objective
(200
counts/100
m2)
(Table
4.1-9)
and
8%
of
fecal
coliform
samples
exceeded
agency
recreational
use
criteria
(100
counts/100
mR).
The
Ontario
recreational
water
use
criterion
for
fecal
streptococci
(20
counts/100
m2)
was
exceeded
in
36%
and
15%
of
the
samples
from
segment
B
during
spring
1974
and
1975,
respectively.
Bacterial
contamination
in
segment
B was
localized
and confined
to
inshore
stations
in the
vicinity
of Goderich.
Bacterial
levels
in
embayment/harbour
areas
were
generally
higher
than
nearshore
segment
levels.
Monthly
geometric
means
of
the
indicator
bacteria
in
Goderich
Harbour
were
within
Agreement
objectives
and
agency
criteria
during
three
surveys
in
1974 and
1975.
Individual
total
coliform
samples
for
stations
in
the
vicinity
of
the Saugeen River mouth at Southampton were moderately high on two
occasions
in
1974.
However,
levels
of fecal
coliforms
and
fecal
streptococci
were low,
suggesting that bacterial contamination was non-fecal in
origin. The Agreement objective for fecal coliforms and the Ontario
criteria for fecal coliforms and fecal streptococci were exceeded during
May 1974 for two stations in the inner portion of Owen Sound Harbour.
Localized fecal contamination was due to combined sewer overflow for
which remedial measures are now being investigated.
During the summer of 1974 the Agreement objective for total coliforms
was exceededat stations in the inner portion of Penetang Bay. These
levels were attributed to urban drainage and the discharge of inadequately
disinfected waste; in addition, heavy recreational use may have been a
contributing factor.
Monthly geometric means of the health-oriented indicator bacteria
for individual stations within Parry Sound, Parry Sound Harbour, and
specifically off McCurry Lake outlet (the site of the Parry Sound
sewage treatment plant secondary discharge) were within Agreement objec—
tives and provincial criteria during five monthly surveys in 1974. In
the vicinity of Blind River during June 1974 elevated fecal coliform and
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Pseudbmonas aeruginosa were found. These levels were attributed to the
discharge of sanitary waste. A remedial program consisting of a new treatment
plant and sewerage system is now underway. During the summer and fall of 1974
elevated total and fecal coliform densities were noted in the vicinity of
Spanish River.
PHYTOPLANKTON
Studies on the phytoplankton communities in Lake Huron are relatively
sparse. Vollenweider et al. (26) reported a 1971 survey of portions of Lake
Huron. Low biomass characterized the offshore stations, and the diatoms
CycloteZZa, Ibbellaria, Stephanodiscus, Melosira, and Synedra dominated,
although variOus phytoflagellates and cryptomonads, including Cryptomonas
erosa and Rhodomonas minuta, sometimes accounted for 20% of the biomass.
Information which complements the description of the nearshore phytoplankton
community, given below, is presented in Chapter 5.4.
MICHIGAN
Michigan waters were sampled at DeTour, Cheboygan, Alpena, Harrisville,
Tawas City, Harbor Beach, and Lexington (25). The dominant phytoplankton in
the nearshore waters of Lake Huron are shown in Table 4.1-11. Generally,
diatoms were the dominant algal group, except in Thunder Bay at Alpena during
June when blue-greens, basically Dactylococcopsis fhscicularis, were dominant.
There appears to be an overall north-to-south increase in algal abundance in
Lake Huron, but this trend was masked, in part, by location variability.
ONTARIO
Ontario waters were sampled at municipal intakes located at Collingwood,
Owen Sound, Goderich, Grand Bend, Penetang, Midland, and Sarnia (6). Diatoms
were the dominant group throughout the year, but during late summer and early
fall, chrysophytes, blue-green, and green algae contributed to the flora. The
mesotrophic nature of southern Lake Huron and the oligotrophic character of
Georgian Bay were indicated by these data. Maximum algal densities at Sarnia,
Goderich, and Grand Bend were uSually 3 to 10 times greater than comparable
densities at Owen Sound and Collingwood. Although short—term in nature, the
high densities are considered excessive for oligotrophic waters (6). Aphanizo-
menon ons-aquae and Anabaena ons—aquae, species common to eutrophic waters,
were virtually absent except in Penetang Harbour and Midland Bay where they
were abundant on several occasions. Although the classical bimodal pattern of
phytoplankton development occured, the lack of intensity and short duration of
the spring and fall maxima indicated the relative oligotrophic nature of both
northeastern Lake Huron and Georgian Bay.
ZOOPLANKTON
Very fewstudies of Lake Huron zooplanktonhave been published.
Schelske and Roth (13) found many genera of Diaptomus, Bosmina, and
Cyclops in Lake Huron north of Saginaw Bay. Patalas (27) found 23
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TABLE 4.1—11
ABUNDANT OR DOMINANT PHYTOPLANKTON IN NEARSHORE LAKE HURON WATERS, 1974a
LOCATION
GROUP (PHYLUM)
GENERA OR SPECIES
COMMENTS
MICHIGAN
ONT
ARI
O
 
Diatoms (Bacillariophyta)
Cyclotella glomerata, CycloteZZa com—
mensis, TabeZZaria fenestrata, Fra—
geZaria crotonensis, AsterioneZZa
formosa
Dactylococcopsis fascicularis, Aphano-
capsa delicatissma
CycloteZZa sp. was often dom—
inant by numbers.
Blue—greens (Cyanophyta)
D. fascicularis was dominant
in Thunder Bay in June samples.
Cryptophyta
Rhodomonas minuta
R. minuta was often the most
abundant species.
Yellow—browns (Chrysophyta) Dinobryon spp.
Dinobryon was often very
abundant.
Greens (Chlorophyta)
ChrysosphaereZZa longispina
Diatoms (Bacillariophyta)
TabeZZaria spp., Fragélaria spp.
Rhizosolenia spp., AsterioneZZa spp.
These four genera were dominant
throughout the year.
Yellow-browns (Chrysophyta) Dinobryon spp.
Blue-greens (Cyanophyta)
Oscillatoria spp.
Greens (Chlorophyta)
Oocystis sp., Chlamydomonas spp.,
Ankistrodesmus spp., Scenedesmus spp.
All six genera in these three
phyla were abundant during the
early
fall.
    
a. Data for Ontario
(6) and Michigan (25) are summarized from specific project reports.
 
  
   
   
crustacean species with cyclops bicuspidatus thomasi, Diaptomus siciZis,
D. ashlandi, and D. minutus the abundant copepods, while HOZOpedium
gibberum and Bosmina Zongirostris were the most abundant cladocerans.
Patalas related a decreasing ratio of cyclopoid copepods to other
entomostraca to increased enrichment of the Great Lakes, except Lake
Erie. Nauwerck (28) reported approximately 30 species of rotifers from
Lake Huron. KeZZicottia, Conochilus, and Gastropus were considered
oligotrophic genera while Brachionus, Filinia, and Keratella were
considered eutrophic. Information which complements the description
of the nearshore zooplankton community, given below, is presented in
Chapter 5.4.
MICHIGAN
In Michigan, data were collected in Segments G and I and at DeTour
and Cheboygan (25). The shallow nearshore waters provide a more productive
habitat for rotifers with the stations nearest to shore or in river
mouths having the highest counts. There are no generic differences
observed among stations. Eight genera of rotifers were identified.
Both the lowest and the highest rotifer abundance occurred in the fall:
381/m3 at DeTour and 9,494/m3 at Harbor Beach.
The most abundant crustacean zooplankton are given in Table 4.1—12.
The number of species ranged from 6 at Harbor Beach to 11 at DeTour.
Daphnia retrocurva, often found in enriched water, was present at all
stations in the fall as opposed to 7 of 9 locations
in the spring, and
was most abundant in the fall.
Overall crustacean abundance in Lake
Huron ranged from 2,146 organisms/m3 in the fall at Cheboygan to a high
of 41,554 organisms/m3 at Harbor Beach in the spring.
Crustacean zooplankton numbers were generally higher at stations
nearest shore or in river mouths.
Stations nearest shore had a different
species
composition
than stations
further
offshore.
Daphnia galeata
mendotae and Bosmina coregoni were found only at the former, and Diaptomus
ashlandi was not.
Zooplankton
abundance was
greater
(13,444 :_14,331
organisms/m3)
in
the
spring
than
in
the
fall
(4,545 :
2,164
organisms/m3).
Impacted
locations
appeared
to have greater
numbers
than
the
control
locations.
There was
a significant
north-south
increase
in
zooplankton
abun-
dance
in the
spring,
which
indicates
a north—south
increase
in enrich-
ment.
The ratio
of
calanoid
copepods
to
other
entomostraca
and
rotifers
has
been related
to
trophic
state
(29).
This
ratio,
at
all
times,
was
>0.3
at DeTour,
Presque
Isle,
and
Harrisville.
In the
spring,
when
the
highest
proportion
of calanoid
copepods
occurred,
Harbor
Beach and
Tawas
City were
the
only
locations with
a ratio
<0.20.
Cheboygan,
Alpena,
and
Lexington
had
intermediate
ratios.
The
low
ratios
at Tawas
City and
Harbor
Beach may
reflect
significant
enrichment.
Both locations
are
subject
to currents
from
Saginaw Bay which
is
highly
enriched
(30).
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TABLE
4.1-12
ABUNDANT
OR
COMMON
ZOOPLANKTON
IN
NEARSHORE
LAKE
HURON
WATERs,
1974a
LOCATION
GROUP
GENERA OR SPECIES
COMMENTS
MICHIGAN
Rotifers
Crustaceans
Cladocera
Calanoid
Copepods
Cyclopoid
copepod
  
KerateZZa,
POZyarthra,
AspZanchna,
Filinia
Kellicottia,
Conochilus,
Brachionus,
Gastropus
Bosmina
longirostris,
Daphnia Petrocurva
Diaptomus
oregonensis,
Diaptomus
minutus
Diaptomus siciZis,
Epischura Zacustris
.9
Cyclops
bicuspidatus
thomasi
 
All
four
genera were
abundant
at
all
locations.
Gastropus
was
found
at
5 of
8 locations
whereas
the
others
were
found
at
all.
B.
longirostrﬁs
was
oneof
the
two
most
abundant
crustacean
species
present.
D.
minutus.was
the
most
abundant
calanoid
copepod.
C.
biouspidatus
was
one
of
the
two
most
abundant
crustacean
zooplankton.
 
a.
Data
fully
reported in
Reference
(25).
   
m.
»
BENTHOS
Substantial data have been collected on the benthic macroinvertebrate
communities in Lake Huron during the past decade. Teter (31), Schuytema
and Powers (32), Schelske and Roth (13), Shrivastava (33), and Mozley
iii (34) have documented the benthos in the main basin of the lake. Schneider
et a1. (35) surveyed the benthic community in shallow eutrophic Saginaw
Bay, and Brinkhurst (36) reported on oligochaetes from the same samples.
The benthic community of Georgian Bay was studied by Brinkhurst et al.
(37). The benthos found in Lake Huron, except in Saginaw Bay, is an
oligotrophic community generally dominated by the Pontoporeia affinis —
oligochaete-chironomid-sphaeriid association. However, Shrivastava (33)
suggests that Lake Huron is in an early stage of mesotrophy. Information which
complements the description of the nearshore benthic community, given below,
is presented in Chapter 5.4.
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MICHIGAN
!
‘vf
Michigan nearshore waters were sampled for benthos at DeTour,
Presque Isle, Harrisville, Tawas City, Lexington, Cheboygan, Alpena, and
Harbor Beach (25). At depths <25 m, the benthic communities at the
control locations were dominated by oligochaetes and chironomids while
the amphipod, P. affinis, dominated at depths >25 m (Figure 4.1—16 and
Table 4.1-13).
The dominant taxa at DeTour were the oligochaete, StyZOdriZus
heringianus, and the chironomid, Heterotrissocladius sp., which together
formed 81% of the total population.
The benthic community at Presque Isle is unique in Lake Huron
near-
shore waters.
This location had an exceptionally
large population
dominated by P.
affinis and Pisidium Sp.
Pollution—tolerant
tubificids,
Limnodrilus hafTMeisteri and Potamothrix vejdovski, were also present.
The benthic communities at Harrisville, Tawas City,
and Lexington
were composed of nearly equal percentages of chironomids and oligochaetes.
However,
the species composition at Tawas City was substantially different
from the other two locations due to the influence of Saginaw Bay,
reflected
in the increased diversity and predominance of mesotrophic and eutrophic
indicator benthic forms.
Pontoporeia affinis,
although present,
has
been generally replaced by the pollution-tolerant amphipods,
Gammarus
3p. and HyaZZeZa azteca.
The oligochaete and chironomid communities at Harrisville and
Lexington were characterized by low total numbers,
indicating relatively
unenriched conditions.
However,
Lexington was dominated by mesotrophic
and eutrophic indicator species and the primary oligotrophic indicator
species
were
not
found.
This
indicates
enrichment
from
Saginaw Bay.
Harrisville
was
dominated
by
oligotrophic
indicator
species.
At Alpena
and Harbor
Beach,
oligochaetes
dominated
the
benthic
community while other taxa dominated the Cheboygan community.
Oligotrophic
indicator forms were virtually absent at both locations.
Pontoporeia
194
 
          
onoun
noes/m2)
  
PRES”
ISLE
(7573
/ m
)
u
M
r
I
J
'
I
-
CEBO‘IGAN
0A Ia.6'l.
C‘ IJ‘I.
v
i
(am-"0.3%
ALPENA
(572I/m2)
   
 
 
C‘Sﬁ
“l.
ovhnu
- I,|'/.
 
 
 
 
  
HARRISVILLE
(SIS/m
)
 
5-0.6”!-
Q
E
1
9
5
mscoum
  
 
mu
m mus
E
—
E
scan 7; amount“
  
   
Oman 4 5.9V.
4
%
chzno
0- OLISOCNAETA
TAwAs
c
-
c
m
n
o
n
o
um
n
s
(979/m2)
P< PONTOPOREIA AFFIms
S‘SPHAERHDA
(’5, J
V
5
0mm - 2.97.
was
cxrv
'
,
, "‘=
\
 
HARE“?
BEACH
(3796
(m2)
 
 
 
 
P
{.9
“l.
II
/
5A 0.8%
//
\
OM” < Q5 ’/.
IICNIGAN
IIVCIYV
sum.
‘\
LEXING TON
,
(580 m2)
«1"
5“
L zmustn't
Y
OTHIIS‘S.4°/n
    
FIGURE
4.1
1
6
COMPOSITION
AND
DENSITY
OF
BENTHIC
FAUNAL
COMMUNITIES
IN
MICHIGAN
NEARSHORE
WATERS
OF
LAKE
HURON11974
.
w
                 
  
TABLE 4.1-13
MAJOR TAXONOMIC GROUP ABUNDANCES OF BENTHIC MACROINVERTEBRATES IN
NEARSHORE LAKE HURON WATERS, 1974a
Mean
Mean No.
Mean No.
Mean No. Mean No. Mean No.
# of
Density
Standard
Pontoporeia Oligo—
Chiro-
Sphae-
Other
No. of
LOCATIONS
Stations
(org/m2)
Deviation
Range
affinis/mz
chaete/m2
nomid/m
riid/m2
taxa/m2
Taxa
N
MICHIGAN
1
9
6
DeTour
Presque Isle
Harrisville
Tawas City
Lexington
Cheboygan
Alpena
Harbor Beach
1,083
19
298
754
O
12
12
7,573
4,231
1,412
132
1,780
18
14
515
201
284
0
30
21
979
415
411
8
143
56
580
264
279
0
37
24
4,148
1,497
575
119
1,957
81
5,721
5,423
199
34
65
55
3,796
3,334
375
0
19
36
820
201
+
|
2,684
2,722
833
9,085
3,468
2,223 — 12,323
2,214
486
7,189
.
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¢
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—
n
\
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—
c
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O
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I
+
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a.
Data reported in Reference (25).
     
affinis
was
not
found
at
Cheboygan
or
Harbor
Beach
and
was
found
at
T
Alpena
in
extremely
low
numbers.
The
taxa
present
at
Cheboygan
indicate
organic
enrichment,
apparently
from
municipal
water,
paper
mill,
and
stormwater
discharges.
The
community
1
was
dominated
by
the
pollution—tolerant
iSOpOdS,
AseZZus
sp.
and
Lirceus
A
sp.,
and
amphipods,
Gammarus
3p.
and
HyaZZeZa
azteca.
These
four
taxa
I
collectively
accounted
for
over
37%
of
the
total
population.
 
Oligochaetes
tolerant
of
organic
enrichment
formed
95%
of
the
total
benthic
community
at
Alpena.
Unidentifiable
immature
tubificids
account
I
for
71%
of
the
oligochaete
population.
The
abundance
of
Oligochaetes
*
and
presence
of
pollution-tolerant
Oligochaetes
and
chironomids
indicate
that
Thunder
Bay
is
organically
enriched.
Historical
data
on
the
benthic
community
reflect
increasing
organic
enrichment
since
1957
(38).
Oligochaetes
comprised
72,
89,
and
95%
of
the
total
community
during
1957,
1965,
and
1974,
respectively.
Conversely,
sphaeriids
accounted
for
18,
2,
and
1%
of
the
total
population.
antoporeia
affinis
was
virtually
absent
for
all
three
dates.
  
The
benthic
community
within
the
harbour
at
Harbor
Beach
indicates
a
severely
degraded
benthic
environment.
Oligochaetes
comprised
89%
of
the
total
population.
Four
Oligochaetes
tolerant
of
severe
organic
pollution,
Limnodrilus
claparedianus,
L.
cervix,
L.
hoffMeisteri,
and
L.
maumeensis,
accounted
for
62%
of
the
oligochaete
numbers.
The
dominant
chironomid
taxa
were
also
forms
tolerant
to
organic
enrichment.
The
benthic
community
outside
the
harbour
was
different,
indicating
that
the
severe
organic
pollution
is
generally
inside
the
harbour.
The
community
outside
the
harbour
was
dominated
by
mesotrophic
and
eutrophic
indicators;
organisms
indicative
of
severe
enrichment
were
absent.
This
area
is
directly
influenced
by
the
outflow
of
water
from
the
harbour
and
currents
carrying
enriched
waters
from
Saginaw
Bay.
Historical
data
on
the
benthic
community
indicated
little
change
since
1958
(39).
METAL AND ORGANIC CONTAMINANTS IN FISH
Contamination
of
Great
Lakes
fishes
with
certain
heavy
metals
and
organic
pollutants
(such as
pesticides
and
PCB's)
has
become a major
concern
over
the
past
10 years.
Willford
(40)
cited
DDT,
dieldrin,
PCB's,
and
mercury
as
the
four major
fish
contaminants
to
date.
High
concentrations of one or more of these contaminants have resulted in
bans on commercial fishing or bans on the use of fish for human consump—
tion.
Guidelines or tolerance levels for various contaminants in fish
have been set by the Canada Department of National Health and Welfare
and by the U.S. Food and Drug Administration (FDA) and objectives have
been proposed for the Water Quality Agreement. The contaminants for
which guidelines exist or have beenproposed include arsenic, lead,
mercury, PCB's, aldrin, dieldrin, endrin, heptachlor epoxide, and DDT
and its metabolites. The limits are summarized in Appendix C.
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Little literature is available on contaminants in fishes from Lake
Huron. Reinert (41) reported relatively low levels of total DDT and
dieldrin in various species of fish from Lake Huron. The Great Lakes
Environmental Contaminant Survey (42) reported generally low concentra-
tions of DDT, dieldrin, PCB's, and mercury in Lake Huron fishes. These
1973 and 1974 data indicated DDT, PCB's, and mercury generally did not
exceed guidelines in Lake Huron fish. Previous studies of heavy metal
contamination of Great Lakes fishes have been reported by Lucas and
Eddington (43), Uthe and Bligh (44), and Beal (45); however, no Lake
Huron data were presented, so these studies can only be used for compari-
son purposes.
MICHIGAN
Michigan collected fish during 1974 and 1975 from five nearshore
locations in Lake Huron: Hammond Bay, Alpena, Tawas City, Harbor Beach,
and Lexington (Figure 4.1-1). Whitefish (Coregonus cZupeafbrmis),
rainbow trout (Salmo gairdneri), brown trout (Salmo trutta), chinook
salmon (Oncorhynchus tshawytscha), walleye (Stizostedion vitreum), and
yellow perch (Perca fiavescens) were sampled. Analyses were performed
on skinless fillets of individual fish and, in the case of yellow perch,
on composites of four to fifteen fillets. All samples were analyzed for
DDT and its isomers, dieldrin, PCB's, and mercury (Table 4.1—14) and
about two—thirds of the samples were analyzed for 17 additional contamin-
ants. All data were calculated on a wet weight basis.
Pesticides and other organic contaminants in all species were low.
Chlordane, lindane, methoxychlor, hexachlorobenzene, hexachlorobutadiene,
dibutyl-n—phtalate, 2,2-diethylhexylphthalate, and polybrominated biphenyls
were not found at detectable levels in any fish analyzed. Total DDT was
generally found above detectable levels (Table 4.1—15) with the highest
location mean (0.97 mg/kg) occurring in chinook salmon at Alpena. The
lowest location mean was in yellow perch composites from Hammond Bay,
where total DDT was not detected in any sample. All the salmonids,
including Whitefish, had mean location levels >0.2 mg/kg, while the
percids, yellow perch and walleye, generally had means <0.07 mg/kg.
PCB's were generally very low in the Lake Huron fish. However,
brown trout and chinook salmon had elevated values. The mean for chinook
salmon from Alpena was 2.31 mg/kg while brown trout from Hammond Bay and
Alpena had mean values of 1.13 and 1.10 mg/kg, respectively. The FDA
guideline for PCB's (5.0 mg/kg) was not exceeded in any individual fish.
Means of PCB's in perch illustrate geographic variation of PCB
residues. PCB's appear higher in the southern zone of the lake. The
highest mean location value (0.30 mg/kg) was found at Harbor Beach while
in the northern location of Hammond Bay, four composite samples contained
no detectable (<0.01 mg/kg) PCB's.
Heavy metal concentrations were generally very low in all areas and
all species sampled in Michigan. Only mercury values approached the
guidelines; all other metals concentrations were <10% of the limits.
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 TABLE 4.1-14
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*
Dieldrin
*
*
Aldrin
*
Lindane
*
*
Endrin
*
DDT
*
*
DDD
*
9c
DDE
*
*
Chlordane
*
*
Methoxychlor
*
Polychlorinated
biphenyl
(PCB)
*
*
Polybrominated
biphenyl
*
Hexachlorobutadiene
*
Hexachlorobenzene
*
Dibutylphthalate
*
Diethylhexylphthalate
*
Copper
*
*
Nickel
*
*
Lead
*
*
Zinc
*
*
Cadmium
*
*
Manganese
*
Arsenic
*
*
Chromium
*
*
Selenium
*
Mercury
*
*
Gross a
Cross
8
*
Individual
fish
*
Composite
J
*
Fillets
‘
*
*
 
a. Information from References (8) and (42).
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 TABLE 4.1—15
MEAN CONCENTRATIONS (MG/KG WET WEIGHT BASIS) OF SELECTED TRACE CONTAMINANTS
IN FISH COLLECTED FROM NEARSHORE LAKE HURON WATERS.
1974 AND 1975a
 
 
LOCATION SPECIES DDT PCB DIELDRIN Hg Cu Cd
MICHIGAN
Detection Limit 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Hammond Bay Brown Trout 0.57 1.13 0.02 0.13 0.74 3.46 0.11 0.03
Perch b b b 0.31 0.56 4.60 0.26 0.10
Rainbow Trout 0.32 0.94 0.03 0.10 0.61 3.78 0.07 0.03
Walleye 0.03 b b 0.17 0.28 3.80 0.23 0.30
Whitefish 0.26 b 0.05 0.04 0.64 3.59 0.71 b
Alpena
1974 Brown Trout
0.50
1 10
0.04
0.13
0.33
2.90
0.10
0.01
Chinook 0.97 2.31 0.05 0.22
Perch 0.03 b <0.01 0.15 0.37 4 69 0.18 0.03
Whitefish 0.35 0.34 0.05 0.03
1975 Perch
0.04
0.13
b
0.26
0.29
8.12
0.77
0.04
Tawas City 1974 Whitefish 0.12 0.22 0.03 0.03
1975 Perch
0.07
0.20
b
0.27
0.27
7.64
0.38
0.03
Harbor Beach
Perch
0.13
0.30
b
0.34
0.31
7.70
0.40
0.03
Lexington
Perch
0.05
0.13
b
0.33
0.24
7.12
0.32
0.03
ONTARIO
Detection Limit
0.001
0.001
0.001
0.01
0.01
0.01
0.5
0.2
Goderich
Perch
0.017
0.089
0.002
0.22
0.41
6.50
<0.5
<0.2
Rainbow Trout
0.485
1.943
0.045
0.18
0.68
4.92
<0.5
<0.2
White Sucker
0.261
0.606
0.034
0.14
0.75
6.57
<0.5
<0.2
Douglas Point
Rainbow Trout
0.549
2.179
0.035
0.16
0.75
4.85
<0.5
<0.2
White Sucker
0.112
0.356
0.009
0.23
0.64
6.32
<0.5
<0.2
Northern Pike
0.148
0.515
0.004
0.40
0.39
5.84
<0.5
<0.2
Owen Sound
Perch
0.037
0.189
0.003
0.29
0.59
7.53
<0.5
<0.2
Rainbow Trout
0.338
1.073
0.036
0.19
0.65
6.42
<0.5
<0.2
White Sucker
0.325
0.693
0.031
0.11
0.61
6.65
<0.5
<0.2
Thornbury
Perch
0.017
0.093
0.002
0.22
.45
6.90
<0.5
<0.2
Rainbow Trout
0.376
0.910
0.030
0.20
0.57
6.43
<0.5
<0.2
White Sucker
0.323
0.562
0.023
0.10
0.62
7.70
<0.5
<0.2
Nottawasaga
Perch
0.040
0.183
0.003
0.32
0.64
4.30
<0.5
<0.2
Rainbow Trout
0.415
1.207
0.034
0.18
0.53
5.09
<0.5
<0.2
Walleye
0.351
0.827
0.010
0.57
0.37
4.30
<0.5
<0.2
White Sucker
0.723
1.153
0.051
0.16
0.74
6.27
<0.5
<0.2
Penetang-Midland
Perch
0.024
0.115
0.002
0.27
0.60
7.15
<0.5
<0.2
Walleye
0.114
0.258
0.004
0.46
0.46
4.43
<0.5
<0.2
Rock Bass
0.011
0.074
0.002
0.17
0.55
7.43
<0.5
<0.2
Spanish River
Perch
0.007
0.046
<0.001
0.27
0.60
6.23
<0.5
<0.2
White Sucker
0.037
. 0.131
0.003
0.06
0.57
6.70
<0.5
<0.2
Northern Pike
0.024
0.114
<0.001
0.25
0.46
5.20
<0.5
<0.2
Serpent River
Perch
0.027
0.149
0.002
0.31
0.54
7.26
<0.5
<0.2
White Sucker
0.043
0.125
0.004
0.04
0.66
5.78
<0.5
<0.2
Northern Pike
0.085
0.266
0.001
0.40
0.49
6.45
<0.5
<0.2
Lake George
Perch
0.003
0.068
0.001
0.23
0.55
5.73
<0.5
<0.2
White Sucker
0.073
0.194
0.004
0.13
0.64
5.55
<0.5
<0.2
Northern Pike
0.024
0.096
b
0.02
0.41
4.99
<0.5
<0.2
  
 
        
a. References for data (2, 8 and 25).
b. Not detected.
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The highest mean mercury values were found in yellow perch from Hammond
Bay (0.31 mg/kg), Harbor Beach (0.34 mg/kg), and Lexington (0.33 mg/kg).
The maximum mercury value measured was 0.49 mg/kg in a yellow perch from
Hammond Bay.
ONTARIO
Ontario collected fish during 1974 from nine nearshore locations in
Lake Huron (Table 4.1—15, Figure 4.1-1).
Species of fish collected
included rainbow trout
(SaZmO gairdneri), white sucker
(Catostomus
commersoni), northern pike (Esox Zucius), yellow perch (Perca fZavescens),
walleye (Stizostedion vitreum), and rock bass (AmeopZites rupestris).
At each location, three species of fish were collected with at least one
predator species represented.
A sample consisted of 50 mature fish of
similar size for each species.
Analyses were performed on a composite
of five fish fillets giving 10 composite samples for a species at each
location.
Samples were analyzed for 23 heavy metals and organic trace
contaminants (Table 4.1—14) and results calculated on a wet weight
basis.
Lindane, aldrin, and heptachlor were not detected in any fish
samples. Levels of dieldrin, endrin, heptachlor epoxide, total DDT,
chlordane, and PCB's from southern Lake Huron and Nottawasaga locations
were slightly higher than corresponding levels in fish from the North
Channel and Lake George (2,8). The predator species (rainbow trout,
walleye, or northern pike) contained the highest concentration of both
PCB's and pesticides, except for northern pike from the Spanish River
mouth. There is a direct relationship between weight of rainbow trout
and PCB residues. This relationship was not found in any other species.
The maximum location mean concentration of PCB's (2.179 mg/kg) occurred
in rainbow trout from Douglas Point while the minimum location mean
(0.046 mg/kg) was found in yellow perch from Spanish River mouth. Total
DDT reached a maximum location mean of 0.723 mg/kg in white suckers from
Nottawasaga Bay. The levels of dieldrin, endrin, and heptachlor epoxide
in fish were at least an order of magnitude lower thanthe FDA guidelines
and the proposed Agreement objectives.
Heavy metal concentrations in Lake Huron nearshore fish are generally
low. Mercury was the only metal approaching or exceeding the U.S. or
Canadian guidelines. Three composite walleye samples from Nottawasaga
Bay had a mean mercury concentration of 0.57 mg/kg, which exceeded the
guidelines (0.5 mg/kg). Mercury in northern pike from Douglas Point
(0.40 mg/kg) and the Serpent River mouth (0.40 mg/kg) and in walleye
from the Penetang—Midland area (0.46 mg/kg) approached the guideline.
All arsenic and lead concentrations were less than 10% of the guideline
levels for freshwater animal products.
Arsenic, mercury, and chromium were the only metals which varied
between species. Rainbow trout contained four times the arsenic of
oth
er
spe
cie
s.
The
lev
els
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mer
cur
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var
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ng
all
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s
with
wall
eye
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ng a
mean
of 0
.48
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0.33
mg/k
g,
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yellow perch 0.27 mg/kg, rainbow trout 0.18 mg/kg, rock bass 0.17 mg/kg,
and white sucker 0.12 mg/kg. Chromium levels were greatest in northern
pike and rainbow trout, ranging up to 2.0 mg/kg. All other species
contained levels generally <1.0 mg/kg.
There was little variation in radioactivity levels between species
or between locations. There is no established maximum acceptable level
for radioactivity in fish flesh. The observed values are low with all
samples having a gross a <1.0 pCi/g based on wet weight. Samples analyzed
for gross B radioactivity had a range of mean location values from 1.73
to 3.59 pCi/g. The minimum level was found in rainbow trout at Douglas
Point, the site of an Ontario Hydro nuclear generating station.
SUMMARY OF EXISTING AND DEVELOPING PROBLEMS
ENRICHMENT
Several criteria have been proposed for the classification of lakes
by trophic state based on the abundance of biomass, phytoplankton pro— ;
duction, nutrient concentrations and loads, surface—to—volume ratio, and l
sediment types. While no one criterion provides reliable character—
ization in every case, these guidelines when taken together are useful
for detecting changes in the trophic status and do indeed reflect the
suitability of lakes for a variety of uses.
{
Seasonal mean chlorophyll a values in all nearshore segments were
‘
in the oligotrophic range except segments B and I in spring 1974 where
mean chlorophyll a levels indicated mesotrophic conditions (Figure 4.1-
8).
Segment B exhibits high levels of resuspended solids which contribute
to observed levels of nutrients.
Most of the nutrient loading to
segment B is from tributaries where upstream sources are diffuse.
The
enrichment of segment I resulted from southward flow of highly eutrophic
waters from Saginaw Bay.
However, Agreement water quality objectives
were not exceeded by any segment B or I mean values.
Coastal physical
processes further aggravate nearshore water quality since nearshore
waters are contained rather than mixed with offshore waters during
spring (15,16,46).
Results of a long-term phytoplankton
study
(6) indicate that moder-
ately high algal populations characteristic of mesotrophic lakes occur
in the Ontario nearshore waters of southeastern Lake Huron.
In contrast,
phytoplantkon data from nearshore areas of Georgian Bay clearly
reflect
their relatively unproductive nature
(6).
Diatoms, which are associated
with oligotrophic conditions, were the dominant algal group along the
Michigan shoreline except in Thunder Bay at Alpena during June.
During
this period, blue-green algae, typical of mesotrophic conditions, were
dominant.
There appeared to be an overall north—to-south increase in
algal abundance in Lake Huron, but this trend was masked,
in part, by
location variability.
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 The embayments of Goderich, Collingwood, Penetanguishene, Midland,
Serpent Harbour, Spanish River mouth, Cheboygan, Alpena, and Harbor
Beach were all found to have developing nutrient enrichment to varying
degrees. Local enrichment of Collingwood Harbour is directly influenced
by municipal STP loadings, flushing rate, runoff, and available nutrients
from resuspended sediments. In 1974, chlorophyll a concentrations in
Collingwood Harbour ranged from 0.1 to 29 ug/ﬂ. In late summer 1974,
algal bloom conditions were observed within the harbour, extending over
an area of N 1.8 kmz. Phosphorus removal for the Collingwood STP is
presently operational (May 1975) and further water quality studies are
presently underway to assess the effectiveness of remedial measures.
In the nutrient enrichment section, Chapter 6.1, a discussion of
future enrichment trends in local embayments of Lake Huron is included
which utilizes results from the waste loading simulation model presented
in Chapter 3.12. Based on the application of 85% phosphorus removal
from the STP effluent at Collingwood and predicted urban growth, an
estimated level of 10 ug chlorophyll a/l would exist in the harbour by
the year 2020 if the present discharge location and the physical character-
istics of the harbour do not change. This level would be in the eutrophic
range. To protect against further enrichment, the STP discharge may
have to be relocated. A discharge to Nottawasaga Bay would be advantageous
in terms of greater dilution volume, but due consideration would have to
be given at that time to cost, location, and potential impact on local
water use.
Goderich Harbour and the adjacent nearshore area are directly
influenced by inputs of phosphorus and nitrogen from the Maitland
River. Project Report D—27 shows that low flow loadings have beencon—
stant since 1966 (3); however, peak spring loadings have increased four
and five times since 1966 for nitrogen and phosphorus respectively. If
seasonal tributary inputs of nitrogen and phosphorus continue to increase,
there is a strong possibility that adverse effects on water use in
Goderich Harbour and adjacent nearshore Lake Huron would occur.
Project Report D-5 indicates that 3—to-5 fold variations in annual
a.s.u. (areal standard unit) averages for phytoplankton stocks at the
Goderich and Grand Bend intake sampling locations have occurred (6).
Year—to-year differences at these locations suggest that a slight overall
trend towards decreasing phytoplankton densities may be occurring.
Veal and Michalski (20) noted recent nutrient enrichment in Penetang
and Midland Bays. Nutrient removal programs for municipal discharges
are now fully operational at Penetanguishene, the Ontario Hospital, and
Midland and are planned for Port McNichol. A decrease in phosphorus
load
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 Penetang Bay would be 3.9 and 6.8 ug/ﬂ,
respectively.
The predicted
chlorophyll a level in both bays is above 2 ug/l, the level considered
mesotrophic
(17—19).
It
is
apparent
that
85%
phosphorus
removal
from
all controllable
sources
would
not be
sufficient
in 2020
for
the
control
of nuisance
algal
growth
in Midland
Bay;
therefore,
the
best
practicable
nutrient
removal
technology
at
that
time may
have
to be
investigated.
Future
development
and
discharges
to
Penetang
Bay would
have
to
be
strictly
controlled
in view
of the
limited
assimilation
capacity
and
long
phosphorus
retention
time
(2.5
years)
of
the
bay.
Effluent
require-
ments in the future should be set by taking into account the nutrient
removal
technology
available
and
the
possible
relocation
of
discharges
to Midland Bay.
The
level
of chlorophyll
a at
the
Spanish
River mouth
ranged
from
0.5
to
4.0
ug/ﬁ and
in
Serpent
Harbour
from 0.3
to
5.4
ug/K.
Although
upstream
inputs
are
the
major
sources
of nitrogen
and
phosphorus
to
these areas,
the
chlorophyll a
concentrations
are
not
sufficiently
elevated
to
presently
cause
concern.
Nitrogen
sources,
primarily
ammonia,
to the
Serpent
River are
from upstream
mine
tailing
areas.
In
the
event
of
future
mine
re-openings,
increased
loadings
of
nitrogen
to
Serpent
Harbour
may
occur.
Maximum
reuse
of
process
waters
is
being
practiced
at
active
mine
sites
in
the
Elliot
Lake
area,
and
additional
treatment
of
final
discharges
from
tailings
ponds
is
being
investigated.
Nutrient
inputs
to
Spanish
River
mouth
originate
from
upstream
urban
and
industrial
development.
There
are
ongoing
waste
treatment
programs
for
industrial
and
urban
waste
discharges
to
the
Spanish
River
and
its
major
tributaries,
Junction
Creek
and
the
Vermillion
River.
Enrichment
of
a
lake
is
also
reflected
in
the
benthic
animal
community.
Sediments
are
altered
as
the
result
of
the
settling
of
algae
and
other
organic
materials.
The
nearshore
benthos
contained
those
species
which
indicate
a
trend
toward
mesotrophic
conditions.
Along
the
Michigan
nearshore
there
is
a
north—to—south
change
in
the
composition
and
abundance
of
benthic
animals.
The
southern
locations,
Tawas
City
and
Lexington,
were
dominated
by
pollution-tolerant
sludgeworms
and
midges.
The
present
pollution
of
these
areas
results
from
the
influence
of Saginaw Bay.
The
enrichment
at
Cheboygan
results
from
the
municipal
waste
treat-
ment
plant.
Chlorophyll
a
concentrations
averaged
2.6
ugli.
Nutrient
control
facilities,
which
are
to
be
operational
by
1978,
should
eliminate
the overproduction of phytoplankton.
The problems of nutrient enrichment at Alpena are compounded by
the
long retention time of the harbour water.
Total phosphorus concentrations
near the river mouth averaged 54 ug/R.
Phytoplankton have sufficient
time to develop and result in an average chlorophyll a level of 5.0
ug/ﬁ.
Nutrient removal at the waste treatment facilities is now opera-
tional.
Surveillance of this harbour should be continued to determine
if the waste treatment is effective in decreasing the water quality
problems.
  
 The enrichment problems at Harbor Beach are most severe within the
harbour sea walls where chlorophyll a averaged 7.6 ug/ﬁ.
Dilution is
sufficient outside the harbour to avoid any water quality problems.
Nutrient removal facilities are expected to be completed in 1980.
The remaining local study areas of Owen Sound, Tobermory, Southampton,
and Port Elgin displayed no significant nutrient enrichment. Because of
restricted exchange with Georgian Bay, Parry Sound Harbour and Parry
Sound have limited nutrient assimilation capacities. Although present
studies did not indicate any nutrient enrichment problems, future studies
may indicate the need for further nutrient abatement at controllable
sources entering Parry Sound.
BACTERIAL CONTAMINATION
The Town of Blind River, the Spanish River mouth, Penetanguishene,
Owen Sound, and Goderich exhibited poor bacterial quality on more than
one occasion or at more than one sampling location. In many cases,
sampling was not intensive enough to allow a strict comparison with
objectives; however, the data are indicative of existing or potential
problems from sanitary waste inputs.
Bacterial levels in the northwestern portionof the North Channel
were elevated because of loadings from the St. Marys River. The rest of
the North Channel was of high bacteriological quality except in the
vicinity of Blind River where elevated fecal coliform and Pseudomonas
aeruginosa levels were found in June 1974. At the mouth of the Spanish
River high levels of total and fecal coliforms were evident in the
summer and fall of 1974. At both locations the contamination was
attributed to the discharge of inadequately treated sewage.
The inner portion of Penetang Bay exhibited total coliform densities
exceeding Agreement objectives (Appendix C) during the summer of 1974.
These were attributed to urban drainage and the discharge of inadequately
disinfected waste; however, heavy recreational use may also be a contributor.
Fecal coliform and fecal streptococci levels at the Sydenham River
mouth in Owen Sound exceeded objectives in May 1974. In the Goderich
area, a few stations outside the harbour had high total coliform counts
during a September 1974 survey.
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Total coliform densities in 29% of the samples from Alpena exceeded
Agreement objectives during both sampling periods. During spring sampling
Cheboygan and Harbor Beach total coliform densities exceeded Agreement :
objectives and during fall sampling, objectives were exceeded at Tawas ‘
City and Lexington (Segment I).
Fourteen percent of the samples from Cheboygan and Alpena had fecal
coliform counts greater than 200 organisms/100 m2 during the spring.
During the fall, 14% of the Tawas City samples had fecal coliform counts
>200 organisms/100 m2. As with total coliforms, fecal coliform densities
were highest at river mouth stations. Maximum fecal coliform densities
were found at the mouth of the Cheboygan River (470 and 440 counts/100
m2).
Fecal streptococci densities exceeded 100 counts/100 m£at Tawas
City during the spring. When detected, maximum fecal streptococci
densities were found at or near river mouth stations.
METALS CONTAMINATION
During present studies, Ontario MOE and Michigan DNR sampled
sediments for metal analysis. Most of the heavy metalsin the surficial
sediments of Lake Huron nearshore areas reflect natural background
levels. At present, there exist no Ontario guidelines for heavy metals
in sediment except for those which are applied to the disposal of dredging
spoils in open water. The Ontario guidelines (Appendix C) apply only to
those areas subject to dredging and spoils disposal.
Dredging in Lake Huron takes place at the locations given in Chapter
3.9. On the Canadian side, this dredging occurs at 3—10 year intervals.
For the past three years, the major dredging operation has been in
conjunction with the Bruce Nuclear Power Development at Douglas Point.
  
Several harbours and embayments exhibited elevated concentrations
of heavy metals. Collingwood Harbour sediments had high concentrations
of zinc, cadmium, and lead which can be related to local shipbuilding
operations. Zinc concentrations were also high in sediments at Penetang,
Midland, and Parry Sound Harbour. Mining activities and mineralization
in the Spanish and Serpent River basins have resulted in high nickel
concentrations in North Channel sediments and in Serpent Harbour. The
impact of these concentrations on water use is unknown since criteria
have not been established.
Zinc levels at Cheboygan exceeded the EPA dredge spoil guideline
(Appendix C). Zinc in Harbor Beach sediments was also above the EPA
dredge spoil guideline. Iron and chromium were also elevated. These
metals resulted from past operations of the Hercules Company.
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ORGANIC CONTAMINANTS
PHENOLIC SUBSTANCES
Phenolic loadings to Spanish River mouth are associated with pulp
and
pape
r mi
ll a
ctiv
ity
upst
ream
and
may
be c
ontr
ibut
ing
to r
epor
ts o
f
fis
h t
ain
tin
g.
Edd
y F
ore
st
Pro
duc
ts,
Esp
ano
la
has
bee
n e
xam
ini
ng
the
fea
sib
ili
ty
of
the
ins
tal
lat
ion
of
an
oxy
gen
—al
kal
i d
eli
gni
fic
ati
on
proc
ess
whic
h wo
uld
redu
ce p
heno
l le
vels
in t
he w
aste
stre
am;
howe
ver,
in light of present economic constraints the installation has been
postponed.
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od
Har
bou
r,
Pen
eta
ngu
ish
ene
,
Mid
lan
d,
Spa
nis
h R
ive
r m
out
h,
and
Ser
pen
t H
arb
our
.
In
mos
t a
rea
s,
DDT
sou
rce
s c
an
be
att
rib
ute
d t
o p
ast
agr
icu
ltu
ral
use
exc
ept
for
lev
els
pre
sen
t i
n t
he
Ser
pen
t a
nd
Spa
nis
h R
ive
r m
out
h a
rea
s w
her
e D
DT
may
be
der
ive
d f
rom
its
pas
t u
sag
e f
or
the
con
tro
l o
f b
lac
k f
lie
s.
DIELDRIN
Die
ldr
in
was
onl
y d
ete
cte
d
in
sed
ime
nts
in
seg
men
t
D,
Owe
n
Sou
nd
Har
bou
r,
and
Pen
eta
ng-
Mid
lan
d.
A
pos
sib
le
sou
rce
of
die
ldr
in
is
agr
i—
cultural use in these areas.
PCB's
Tw
o
se
di
me
nt
sa
mp
le
s
ta
ke
n
fr
om
Au
sa
bl
e
Ri
ve
r
mo
ut
h
an
d
Ba
yf
ie
ld
Ri
ve
r
mo
ut
h
ha
d
PC
B
le
ve
ls
of
36
an
d
94
ug
/k
g,
re
sp
ec
ti
ve
ly
.
In
Ge
or
gi
an
Ba
y
se
di
me
nt
s,
de
te
ct
ed
PC
B
le
ve
ls
ra
ng
ed
fr
om
15
-9
00
ug
/k
g.
Ow
en
So
un
d
an
d
Co
ll
in
gw
oo
d
Ha
rb
ou
r
ha
d
th
e
hi
gh
es
t
PC
B
co
nc
en
tr
at
io
ns
re
co
rd
ed
in
se
di
me
nt
sa
mp
le
s.
Al
th
ou
gh
th
e
sa
le
of
PC
B'
s
ha
s
be
en
re
st
ri
ct
ed
to
cl
os
ed
sy
st
em
us
es
,
be
ca
us
e
of
th
ei
r
pe
rs
is
te
nc
e
it
is
ex
pe
ct
ed
th
at
le
ve
ls
in
se
di
me
nt
s
ma
y
no
t
ch
an
ge
ap
pr
ec
ia
bl
y
fo
r
so
me
ti
me
in
th
e
future.
Th
e
im
pa
ct
of
th
es
e
co
nt
am
in
an
ts
on
th
e
bi
ot
a
wa
s
in
ve
st
ig
at
ed
th
ro
ug
h
re
si
du
es
in
fi
sh
an
d
is
di
sc
us
se
d
in
th
e
fo
ll
ow
in
g
se
ct
io
n.
FISH RESIDUES
In
al
l
ar
ea
s
th
e
pr
ed
at
or
sp
ec
ie
s
(r
ai
nb
ow
tr
ou
t,
wa
ll
ey
e,
an
d
n
o
r
t
h
e
r
n
pi
ke
)
h
a
d
h
i
g
h
e
r
le
ve
ls
of
PC
B'
s
an
d
p
e
s
t
i
c
i
d
e
s
th
an
n
o
n
—
pr
ed
at
or
sp
ec
ie
s.
Th
e
pe
st
ic
id
es
li
nd
an
e,
al
dr
in
,
an
d
he
pt
ac
hl
or
we
re
no
t
d
e
t
e
c
t
e
d
in
an
y
of
th
e
n
e
a
r
s
h
o
r
e
fi
sh
sa
mp
le
s
(8
).
T
h
e
p
r
o
p
o
s
e
d
A
g
r
e
e
m
e
n
t
o
b
j
e
c
t
i
v
e
(
A
p
p
e
n
d
i
x
C)
r
e
c
o
m
m
e
n
d
s
t
h
a
t
f
o
r
t
h
e
p
r
o
t
e
c
t
i
o
n
o
f
W
i
l
d
f
o
w
l
a
n
d
a
n
i
m
a
l
s
w
h
i
c
h
e
a
t
f
i
s
h
,
w
h
o
l
e
f
i
s
h
,
o
n
w
e
t
w
e
i
g
h
t
b
a
s
i
s
,
s
h
o
u
l
d
c
o
n
t
a
i
n
n
o
m
o
r
e
t
h
a
n
0
.
1
u
g
/
g
o
f
P
C
B
'
s
.
T
h
i
s
   
 
  
proposed objective was exceeded in most fish taken in all areas. The
Canadian Food and Drug Directorate guideline of 2 Ug/g for PCB's in fish
was exceeded in the mean value of 50 fish taken at Douglas Point.
Individual rainbow trout with PCB levels exceeding this guideline were
also found in Goderich, OWen Sound, Thornbury, and Nottawasaga Bay.
The maximum levels of the sum of the concentrations of DDT and its
metabolites was <l.O ug/g, the proposed Agreement objective for the
protection of fish-consuming aquatic birds (Appendix C).
Dieldrin,
aldrin, and heptachlor epoxide levels were each an order of magnitude
less than the proposed Agreement objectives and the U.S. FDA guidelines
(Appendix C).
The U.S. FDA has set a guideline of 5.0 mg/kg for PCB's in edible
fish tissue. This guideline was not exceeded by any individual fish
tested from Michigan nearshore waters.
One chinook salmon from Alpena
contained 2.31 mg/kg PCB's. No salmon or trout were collected south of
Alpena.
Mercury was
the only heavy metal found to exceed the guideline of
0.5 ug/g as set by the Canadian Food and Drug Directorate
for the
protection of human consumers of fish.
Three composite samples of
walleye from Nottawasaga Bay had a mean value of 0.57 ug/g.
Northern
pike
from
the
Douglas
Point
area
(0.40
Ug/g)
and
the
Serpent
River mouth
(0.40
ug/g)
and walleye
from the
Penetang—Midland
area
(0.46
ug/g)
approached
the
guideline
set
for mercury
(8).
No
source
for
this
contamination has been identified.
None
of
the
fish
tested
had
arsenic
and
lead
concentrations
greater
than
10%
of
the
levels
established
in
the
regulations
under
the
Canadian
Food and Drug Act (Appendix C).
THERMAL INPUTS
The
only
major
input
of
heated
water
to
the
Ontario
side
of
Lake
Huron
is
from
the
Douglas
Point-Bruce
Nuclear
Power
Development
site,
located
north
of
Kincardine,
Ontario
(Figure
4.1-1).
Presently,
the
lake is
receiving
thermal discharges
from
the
Douglas
Point
Generating
Station and
Bruce
Heavy Water
Plant
"A".
Temperatures
in
excess
of
the
Ontario
guideline
for AT =
outfall
T - intake
T =
11.6Co,
have
been
reported
for
the
combined
discharge
of
the
Douglas
Point
Generating
Station and Bruce Heavy Water Plant "A".
A program involving
the new
intake and discharge channel for the Bruce Heavy Water Plant complex is
expected to be in operation by 1977, which should result
in compliance
with the Ontario guideline.
Bruce
Generating
Station
"A"
began
operation
in
1976.
Data
regarding
the pre-operational water quality baseline in the vicinity of the outfall
has been compiled by MOE and will be used
for comparison with data
obtained after the plant achieves full operating status.
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The
Karn—Weadock
power
plants
on
Saginaw
Bay
are the
major
plants
along
the
Michigan
shoreline
of
Lake
Huron.
The
total
heat
load
for
both
plants
is
41.6
x
103
MW,
which
results
in
a
large
thermal
plume
in
Saginaw
Bay.
The
thermal
plume
encompassed
a
maximum
area
of
8.06
km2
and
extended
up
to
3.2
km
along
the
southeast
shoreline
of
the
inner
bay.
The
only
change
in
water
quality
was
an
increase
in
water
temperature.
Minor
changes
were
noted
in
the
periphytic
algal
and
benthic
animal
communities.
TRANSPARENCY
Nearshore
segments
A
and
B
and
Goderich
Harbour
had
very
low
Secchi
depths
(1.5
m)
and
high
turbidity
(2—16
FTU)
indicating
high
levels
of
suspended
solids.
Since
natural
shoreline
erosion
occurs
in
segments
A
and
B
at
a
rate
between
—l.58
to
+1.97
m/a
with
an
average
recession
rate =
0.12 m/a
(47,48),
one
could expect
high
suspended
solids
levels.
Goderich
Harbour
is
influenced
by
the Maitland River
which
discharges
an
estimated
26,000 kg/d
of
suspended
solids
to
segment
B.
Shore erosion along the west shore of Lake Huron
(segments G and I)
is minimal which results in high transparency.
Secchi depths in segments
G an I were 7.1 and 4.7 m, respectively.
RADIOACTIVITY INPUTS
Although the amounts of radioactivity reaching Lake Huron are
small,
biomagnification of radionuclides in the tiSSue of many aquatic
organisms and accumulation in bottom sediments of the receiving waters
can occur.
Measurements of radioactivity in fish collected from Lake
Huron suggest that no significant
levels have accumulated in the muscle
of the species examined in the study.
The lowest values of radioactivity
were measured in fish collected from the Douglas Point area, the site of
the Douglas Point Nuclear Generating Station.
Tritium accounts for the largest (number of curies) radioactivity
discharge from CANDU reactors. The Douglas Point Generating Station is
presently at 220 MW (electric) and the projected nuclear electric generating
capacity in Lake Huron is 9000 MW by the year 2000. Based on current
experience at the nuclear generating stations of Ontario Hydro, it is
expected that effluent from Ontario reactors situated on Lake Huron will
contribute a dose of No.2 mrem/a by the year 2000, which is well below
the dose limits set by the Atomic Energy Control Board for individual
members of the public (500.mrem/a). A proposed Agreement objective of 1
mrem/a is being considered by Governments.
In general, the overall levels of radioactivity entering Serpent
Harbour have decreased since the late 1960's. The reduction of radio—
activity levels in water can be attributed to a decrease in mining
activity, re—use of process waters, elimination of direct discharges to
the receiving waters, natural decreases in streamflowgéeand the use of
barium chloride treatment. During two 1975 surveys, Ra levels >3
pCi/Z, the Ontario permissible criterion for Surface water supply
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r
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Mi
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ng
a
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r
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t
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el
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ty
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.
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e
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t
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d
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r
co
mp
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on
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t
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.
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e
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t
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t
ex
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te
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y
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an
t
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y
to
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D
2
S
A
E
I
N
A
W
W
T
h
i
s
s
u
b
c
h
a
p
t
e
r
d
e
a
l
s
w
i
t
h
S
a
g
i
n
a
w
B
a
y
o
n
L
a
k
e
H
u
r
o
n
.
A
s
a
n
e
a
r
-
s
h
o
r
e
a
r
e
a
h
e
a
v
i
l
y
i
n
f
l
u
e
n
c
e
d
b
y
h
u
m
a
n
a
c
t
i
v
i
t
y
,
S
a
g
i
n
a
w
B
a
y
i
s
a
n
o
b
v
i
o
u
s
a
r
e
a
o
f
c
o
n
c
e
r
n
.
H
o
w
e
V
e
r
,
t
h
e
b
a
y
i
s
a
l
s
o
o
f
c
o
n
s
i
d
e
r
a
b
l
e
i
n
t
e
r
e
s
t
f
r
o
m
a
p
u
r
e
l
y
s
c
i
e
n
t
i
f
i
c
p
o
i
n
t
o
f
v
i
e
w
.
T
h
e
s
p
a
c
e
a
n
d
t
i
m
e
s
c
a
l
e
s
a
r
e
s
u
c
h
t
h
a
t
t
h
e
r
e
s
u
l
t
s
o
f
s
c
i
e
n
t
i
f
i
c
i
n
v
e
s
t
i
g
a
t
i
o
n
s
o
n
t
h
e
b
a
y
m
a
y
o
f
t
e
n
b
e
e
x
t
r
a
p
o
l
a
t
e
d
t
o
t
h
e
U
p
p
e
r
L
a
k
e
s
i
n
g
e
n
e
r
a
l
.
H
o
w
e
v
e
r
,
u
n
l
i
k
e
t
h
e
m
a
i
n
l
a
k
e
a
r
e
a
s
,
S
a
g
i
n
a
w
B
a
y
r
e
a
c
t
s
q
u
i
c
k
l
y
t
o
e
n
v
i
r
o
n
m
e
n
t
a
l
c
h
a
n
g
e
s
a
n
d
t
h
e
r
e
f
o
r
e
t
h
e
r
e
s
u
l
t
s
o
f
p
e
r
t
u
r
b
a
t
i
o
n
s
c
a
n
b
e
o
b
s
e
r
v
e
d
o
n
t
h
e
o
r
d
e
r
o
f
m
o
n
t
h
s
i
n
s
t
e
a
d
o
f
y
e
a
r
s
.
T
h
e
s
u
b
c
h
a
p
t
e
r
i
s
d
i
v
i
d
e
d
i
n
t
o
f
i
v
e
s
e
c
t
i
o
n
s
.
F
i
r
s
t
,
a
d
e
s
c
r
i
p
t
i
o
n
o
f
t
h
e
S
a
g
i
n
a
w
B
a
y
i
s
p
r
e
s
e
n
t
e
d
.
N
e
x
t
,
t
h
e
p
h
y
s
i
c
a
l
,
c
h
e
m
i
c
a
l
,
a
n
d
b
i
o
l
o
g
i
c
a
l
l
i
m
n
o
l
o
g
y
o
f
t
h
e
b
a
y
i
s
d
i
s
c
u
s
s
e
d
.
A
s
p
e
c
i
a
l
s
e
c
t
i
o
n
o
n
m
o
d
e
l
l
i
n
g
m
e
t
h
o
d
o
l
o
g
y
i
s
i
n
c
l
u
d
e
d
s
i
n
c
e
m
o
d
e
l
l
i
n
g
i
s
u
s
e
d
t
o
a
s
s
e
s
s
p
r
e
s
e
n
t
a
n
d
f
u
t
u
r
e
w
a
t
e
r
q
u
a
l
i
t
y
p
r
o
b
l
e
m
s
.
T
h
e
n
,
t
h
e
s
e
p
r
o
b
l
e
m
s
a
r
e
d
e
s
c
r
i
b
e
d
a
n
d
c
a
t
e
g
o
r
i
z
e
d
a
s
e
i
t
h
e
r
e
x
i
s
t
i
n
g
o
r
p
o
t
e
n
t
i
a
l
.
F
i
n
a
l
l
y
,
p
o
l
l
u
t
i
o
n
a
b
a
t
e
m
e
n
t
p
r
o
g
r
a
m
s
a
r
e
d
i
s
c
u
s
s
e
d
.
P
o
s
s
i
b
l
e
r
e
s
u
l
t
s
o
f
p
r
e
s
e
n
t
p
r
o
g
r
a
m
s
a
r
e
d
e
s
c
r
i
b
e
d
u
s
i
n
g
m
o
d
e
l
s
,
a
n
d
t
h
e
n
e
e
d
f
o
r
f
u
t
u
r
e
a
c
t
i
o
n
i
s
3
suggested.
D
E
S
C
R
I
P
T
I
O
N
O
F
S
T
U
D
Y
A
R
E
A
S
a
g
i
n
a
w
B
a
y
(
F
i
g
u
r
e
4
.
2
-
1
)
i
s
l
o
c
a
t
e
d
o
n
t
h
e
w
e
s
t
e
r
n
s
i
d
e
o
f
L
a
k
e
H
u
r
o
n
,
e
x
t
e
n
d
i
n
g
i
n
a
s
o
u
t
h
w
e
s
t
e
r
l
y
d
i
r
e
c
t
i
o
n
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r
o
m
t
h
e
l
a
k
e
i
n
t
o
t
h
e
l
o
w
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r
p
e
n
i
n
s
u
l
a
o
f
M
i
c
h
i
g
a
n
.
W
i
t
h
i
n
t
h
e
b
a
y
,
t
h
e
r
e
a
r
e
s
e
v
e
r
a
l
i
s
l
a
n
d
s
;
@
t
h
e
m
o
s
t
p
r
o
m
i
n
e
n
t
i
n
c
l
u
d
e
t
h
e
C
h
a
r
i
t
y
I
s
l
a
n
d
s
l
o
c
a
t
e
d
i
n
t
h
e
c
e
n
t
r
e
o
f
Q
t
h
e
b
a
y,
a
n
d
s
e
v
e
r
a
l
i
s
l
a
n
d
s
s
u
r
r
o
u
n
d
e
d
b
y
t
h
e
l
o
w
l
y
i
n
g
m
a
r
s
h
e
s
o
n
t
h
e
ﬁ
s
o
u
t
h
e
r
n
s
i
d
e
o
f
t
h
e
bay.
”
G
E
O
L
O
G
Y
A
N
D
T
O
P
O
G
R
A
P
H
Y
The
western
shore
of
the
outer
bay
is
primarily
sand
with
a
few
H
rocky
outcrops
near
Point
Lookout.
The
eastern
shore
north
of
Sand
‘
Point
is
sandy,
grading
rapidly
into
rocky
shore
east
of
Hat
Point.
The
shore
areas
of
the
inner
bay
vary
from
predominantly
marsh
to
low,
sandy
ridges.
Geologically,
Saginaw
Bay
has
been
considered
a
shallow
extension
of
Lake
Huron
(1).
Following
the
final
retreat
of
the
Pleistocene
Ice,
the
bay
region
was
covered
by
glacial
Lake
Saginaw.
As
the
lake
receded,
about
three
to
five
thousand
years
ago,
it
exposed
lacustrine
sediments
Which
are
marked
by
today's
sand
beaches.
The
bay
extends
across
the
boundaries
of
Mississippian
and
Pennsylvanian
rocks.
However,
the
211
 
   
I
I
83“”
W
Huron
Natio
nal F
orest
83°°
°W
Au
Sab
le
Poin
t
44°2
0‘N—
4
 
_
44
20
\
A
Taw
as
Poi
nt
Ea
st
Ta
wa
s
Wa
te
r
In
ta
ke
Tawas
Point
State
Park
 
OU
TE
R
BA
Y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      
Map S
cale (
km)
.Sagr
naw -
Midlan
d Wat
er In
take
C
E
E
E
:
0
5
10
15
Pornt Lookout
WPt
ort
Aus
tin
a er Intake ‘ /v
Point Aux Barques
 
 
 
 
 
 
Cha
rit
y
I.
G II Sh Ht. 0
rave y
08
Fort Crescent
Por
nt
au
Gre
s
State Park
\
  
        
   
Hat
Porn
t
3“ A
lbert
E Sl
eeper
Oak
pom
Stat
e P
ark
44“0
0'N-
—
—— 4
4“00'
N
2
1
2
WId
F
I8
San
d P
ornt
| ow ay
I
N
N
E
R
BA
Y
E
Q
 
 
 
 
Waterf
owl Ba
y
Wildlife Refuge
I
t
Pi
nc
on
ni
ng
Wa
te
r
In
ta
ke
Pinc
onnr
ng Tr
ap N
et S
tatio
ns:
   
Na
ya
nq
ui
ng
Pt.
,
Wildli
fe Ar
ea
Ba
y
Ci
ty
Sta
te
Pa
rk
 
To
bi
co
Ga
me
Ar
ea
    
AB
ay
Cit
y W
ate
r I
nta
ke
gConfin
ed Dispo
sal Area
{MUN
'
Fis
h
Po
mt
Wildlif
e Area
 
" 43°40“
Saginaw River Trap Net Stations
 
 
 
 
 
 
  
  
 
Quani
casse
e
Wi
ld
li
fe
Ar
ea
 
e
<
8
:Q
ua
ni
ca
ss
ee
Tr
ap
Ne
t
St
at
io
ns
or
?)
Qu
an
ic
as
se
e
Ri
ve
r
83“
40'
W
83"
?0‘
W
ear-
rm w
l
l
1
FIGURE 4
.2-1 SAG
INAW BA
Y GEOGR
APHY
  
   
P
l
e
i
s
t
o
c
e
n
e
g
l
a
c
i
a
l
t
i
l
l
d
e
f
i
n
e
s
m
o
s
t
o
f
t
h
e
b
a
y
b
o
t
t
o
m
.
T
h
e
s
e
d
e
p
o
s
i
t
s
o
f
q
u
a
r
t
z
,
s
a
n
d
,
g
r
a
v
e
l
a
n
d
s
i
l
t
h
a
v
e
b
e
e
n
l
o
c
a
l
l
y
s
h
i
f
t
e
d
a
n
d
s
o
r
t
e
d
b
y
b
a
y
c
u
r
r
e
n
t
s
.
E
x
t
e
n
s
i
v
e
s
a
n
d
y
f
l
a
t
s
e
x
i
s
t
s
o
u
t
h
o
f
W
i
l
d
F
o
w
l
B
a
y
a
n
d
,
w
e
s
t
f
r
o
m
t
h
e
S
a
g
i
n
a
w
R
i
v
e
r
t
o
P
o
i
n
t
A
u
G
r
e
s
.
A
n
e
x
t
e
n
s
i
v
e
r
e
e
f
a
r
e
a
,
j
C
o
r
y
e
o
n
R
e
e
f
,
e
x
t
e
n
d
s
f
r
o
m
t
h
e
C
h
a
r
i
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r
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c
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R
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O
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e
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l
,
t
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e
i
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r
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s
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o
m
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n
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e
d
b
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e
x
t
e
n
s
i
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e
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s
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e
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4
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b
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b
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b
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r
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c
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i
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b
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b
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b
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p
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.
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b
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p
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1
4
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p
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.
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b
a
y
c
o
n
t
a
i
n
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3
0
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f
t
h
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3
0
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1
0
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o
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w
a
t
e
r
i
n
the bay.
WATER USES
S
a
g
i
n
a
w
B
a
y
s
e
r
v
e
s
t
h
e
w
a
t
e
r
n
e
e
d
s
o
f
o
v
e
r
1
.
2
m
i
l
l
i
o
n
p
e
o
p
l
e
.
A
l
t
h
o
u
g
h
s
m
a
l
l
i
n
c
o
m
p
a
r
i
s
o
n
t
o
L
a
k
e
H
u
r
o
n
p
r
o
p
e
r
,
i
t
s
v
a
l
u
e
a
s
a
r
e
s
o
u
r
c
e
i
s
h
i
g
h
e
r
i
n
p
r
o
p
o
r
t
i
o
n
b
e
c
a
u
s
e
o
f
i
t
s
p
r
o
x
i
m
i
t
y
t
o
m
a
j
o
r
p
o
p
u
l
a
t
i
o
n
centres.
DOMESTIC
WATER
SUPPLY
N
1
F
i
v
e
m
u
n
i
c
i
p
a
l
w
a
t
e
r
i
n
t
a
k
e
s
a
r
e
l
o
c
a
t
e
d
i
n
S
a
g
i
n
a
w
B
a
y
(
F
i
g
u
r
e
‘W
4
.
2
-
1
)
,
s
e
r
v
i
n
g
S
a
g
i
n
a
w
-
M
i
d
l
a
n
d
,
P
i
n
c
o
n
n
i
n
g
,
E
a
s
t
T
a
w
a
s
,
B
a
y
C
i
t
y
,
a
n
d
P
o
r
t
A
u
s
t
i
n
.
T
h
e
s
e
w
a
t
e
r
u
t
i
l
i
t
i
e
s
s
e
r
v
e
a
p
o
p
u
l
a
t
i
o
n
o
f
o
v
e
r
3
0
0
,
0
0
0
*
w
i
t
h
a
n
a
v
e
r
a
g
e
t
o
t
a
l
w
a
t
e
r
c
o
n
s
u
m
p
t
i
o
n
o
f
a
b
o
u
t
2
3
5
,
0
0
0
m
3
/
d
(
T
a
b
l
e
4.2—1).
I
N
D
U
S
T
R
I
A
L
W
A
T
E
R
SUPPLY
M
i
c
h
i
g
a
n
S
u
g
a
r
C
o
m
p
a
n
y
at
S
e
b
e
w
a
i
n
g
u
t
i
l
i
z
e
s
t
h
e
b
a
y
as
a
w
a
t
e
r
s
up
p
l
y
directly.
A
b
o
ut
15,000
m
3
/
d
are
used
for
w
a
s
h
i
n
g
and
p
r
o
c
e
s
s
water.
  
RECREATION
swimming,
and
hunting.
Park
and
wildlife
refuge
areas
around
the
bay
are
shown
in
Figure
4.2-1.
In
addition,
there
are
numerous
local
parks
and
privately
owned
seasonal
homes
which
serve
as
recreational
facilities
<3)
.
T
h
e
b
a
y
and
its
s
h
o
r
e
l
i
n
e
are
used
for
boating,
fishing,
p
i
c
n
i
c
k
i
n
g
,
1
I
i
‘
3
6
;
Swimming
takes
place
at
the
state
parks
and
along
the
sandy
portions
‘4
of
the
bay
shoreline,
especially
near
Tawas
City.
Swimming
at
the
Bay
‘f
City
State
Park
has
been
discouraged
because
of
problems
with
algal
an
blooms,
bacteria,
and
turbid
water.
i
Recreational
boats
on
Saginaw
Bay
are
served
by
seven
harbour
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1
1
;
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‘
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.
,
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;
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2
:
3
-
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‘
:
TABLE 4.2—1
DO
ME
ST
IC
WA
TE
R
SU
PP
LY
IN
TA
KE
S
-
SA
GI
NA
w
BA
Y,
19
74
(2
)
INTAKE
POPULATION SERVED
WATER PUMPED
(m3/ d)
Saginaw-Midland
Bay City
East Tawas
Pinconning
Port Austin
224,000
78,000
4,000
1,400
900
190,000
41,000
2,000
900
700
 
TOTAL
 
308,300
 
234,600
214
 
 facilities
as
well
as
numerous
10cal
and
private
marinas
and
launching
facilities.
The
available
berths
are
not
sufficient
to
fulfill
the
present
demand.
Programs
underway
will
provide
facilities
for
an
additional
8,500
boats
by
2020;
however,
this
will
leave
over
20,000
boat demands unmet (A).
The
bay
provides
a
year—round
sports
fishery.
Sport
fish
species
include
perch,
bass,
pike,
catfish,
walleye,
and
carp.
Brown
and
rain—
bow
trout
planting
started
in
1968
and
it
is
expected
that
these
species
will
fulfill
the
fishing
demand,
which
is
expected
to
triple
by
2020.
The
Michigan
Department
of
Natural
Resources
(DNR)
has
established
six
wildlife
areas
for
public
hunting
and
fishing.
WILDLIFE
Approximately
16,400
ha
of
marsh
along
the
bay
shoreline
provide
excellent
wildlife
habitats.
The
marshes
provide
both
a
nesting
place
i
and
a
migratory
stopover
area
for
a variety
of
puddle
and
diving
ducks,
geese,
and
swans.
These
are
some
of
the
finest
waterfowl
areas
in
the
midwest.
COMMERCIAL NAVIGATION
Commercial navigation is of primary economic importance to the
Saginaw Bay area.
Products including coal,
cement, petroleum,
limestone,
and foreign exports and imports totalling over 7 x 106 t were shipped
through the bay to the Saginaw River docks in 1966 (5).
This creates an
income of over $7 million (1970 dollars) which is expected to increase
to $132 million by 2020 (1970 dollars)(6).
Shipping of this nature
requires a navigation channel to be dredged through the inner bay and up
the Saginaw River. Over 380,000 m3 of spoil are removed annually, some
of which is disposed of in a diked disposal area in the bay (Figure 4.2-
1). Also, projects are underway which would extend the navigation
season throughout the year.
 
COMMERCIAL FISHING
Saginaw Bay has been one of the most productive commercial fishing
areas in the Great Lakes. The bay has the highest fish productivity in
Lake Huron. This industry became established in the early 1800's and
reached a peak in 1902 of 6,430,000 kg production (7). Over 90 species V ;
have been reported in the bay. Since the 1930's production and diver—
sity of fish have changed drastically until 1966 when production decreased
to 1,160,000 kg. These changes have been caused by the introduction of
sea lampreys, alewives, and carp; by overfishing; and by water quality
degradation. Carp now represent 30—50% of production. Whitefish, lake
trout, and yellow perch remain as valuable resources. Yellow perch
fishing was restricted in 1970. Northern pike and walleye have been
completely closed to commercial fishing. The difficulty of harvesting
most of the other species at a profit restricts commercial fishing (8).
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4.2
2 SiGNIFICANT
SOURCES
OF
WASTEWATER
IN
SAGINAW
RIVER
WATE
SHED
(11)
    
    
TABLE 4.2-2
 
SIGNIFICANT DISCHARGES 0F WASTEWATER TO THE SAGINAw BAY WATERSHED (ll)
RIVER BASIN
MUNICIPAL
FLOWS (m3 / d) INDUSTRIAL FLOWS
2
1
8
Flint River
Tittabawasee
River
Shiawassee
River
Saginaw
River
Cass River
Pine River
Chippewa
Sagin
aw Ba
y
at Sebewaing
 
Flint
Flushing
Genessee
Co.
#2
Midland
Genessee Co. #3
Owasso
Bay City
Saginaw
Zilwaukee
Frankenmuth
Mt. Pleasant
128,700
4,200
15,100
GMC, Buick
GMC, Chevrolet
GMC, Fisher Body
24,600 Dow Chemical
5,700
7,600
Consumers Power
Dow, Bay Refining
GMC, Chevrolet,
Metal
Castin
g
Michigan Sugar
(Carr
olton
)
Monitor Sugar
45,
400
123,800
14,800
  
4,600 Michigan Sugar (Coro)
Michigan Chemical
Total Leonard,
Alma Refinery
9,500
Michigan Sugar
(Sebewaing)
28,100
5,900
2,600
585,200
3,543,000
336
,50
0
1
4
1
,
7
0
0
12,400
2
2
,
7
0
0
2,300
35,600
2,300
11,500
  
 
(m3/d)
 
  
Since
water
circulation
can
have
a
profound
effect
on
water
quality
variables,
some
detailed
explanation
is
warranted.
TEMPERATURE
Water
temperatures
in Saginaw Bay vary
from 00C
in the winter
to
20-250C
in the
summer.
Thermal
overturns
normally occur
during
May
and
October,
where
depth
is
Sufficient
for
stratification
(primarily
in
the
outer bay).
The presence of a thermal
bar in April
reduces
mixing
and
limits
dilution
of
pollutants
within
the
bay.
In
general,
higher
temperatures
result in
lower
dissolved
oxygen
concentrations.
Since
op-
timum
growth
conditions
for different
species
of
aquatic
organisms
are
dependent
on
temperature,
temperature
changes
can
cause
species
shifts.
The
only major
thermal
discharge to
the bay
is
from
the
Karn and
the
Weadock electric generating plants of Consumers Power Company located at
the mouth
of the
Saginaw River.
A maximum
of
806
ha of
the
bay
is
heated 1.2 CO or more above ambient.
DISSOLVED OXYGEN
The dissolved oxygen concentration in almost all cases met the
Michigan State standard.
In 1974, 11 out of 705 shipboard dissolved
oxygen measurements were below 6.0 mg/ﬁ. In 1975, one value (3.0 mg/l)
was below 6.0 mg/Q.
The minimum of 2.7 mg/l was observed during late
Summer 1974 in the inner bay.
An average of 9.2 mg/Z was observed for
this region during the late summer.
Overall, the spatial variability of
mean dissolved oxygen levels was slight (Table 4.2—3) (12).
A water quality buoy, equipped with a dissolved oxygen sensor and
recorder measured dissolved oxygen at a station in the middle of the
inner bay every 4 hours during the summer of 1974.
During the periods
July 8~1l and July 13-15 dissolved oxygen was consistently below 6.0
mg/Z. These were the only days on which dissolved oxygen was observed
below this standard at this site. The minimum recorded was 3.1 mg/Q
(13).
Unless the water body is supersaturated, the normal maximum concentr-
ation of dissolved oxygen is between 8 and 14 mg/£, depending on tempera-
ture. It is important to maintain dissolved oxygen as high as possible
to provide conditions favorable for the growth and reproduction of a
normal population of fish and other aquatic organisms. Organic, oxygen-
demanding material discharged from wastewater treatment plants is usually
the major cause of dissolved oxygen deficits. Dead algal matter can «
contribute to the deficit in certain situations as well as algal respiration 9
at night.
CONDUCTIVITY
Conductivity measurements made in 1965 averaged 324 uS/cm in the
inner bay and 210 uS/cm in the outer bay (14). As of 1974, the inner
bay had been reduced to 256 uS/cm while the outer bay remained essentially
unchanged (12). Conductivity measurements provide a rapid estimate of
dissolved solids content. The major sources of dissolved solids loading
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to
the
Saginaw
River
are
the
Dow
Chemical
Company
at
Midland
and
the
Michigan
Chemical
Company
at
St.
Louis
(Table
3.3-5).
Significant
reductions
have
occurred
since
1965.
WATER
MOVEMENTS
AND
DISPERSIONS
The
circulation
patterns
in
Saginaw
Bay
have
been
investigated
by
a
number
of
different
methods
(15—19).
From
the
qualitative
and
quantitative
results
of
these
studies
a
reasonable
description
of
transport
and
dispersion
in
the
bay
can
be
given.
Flow
or
net
movement
of
water
from
Lake
Huron
to
the
inner
bay
is
through
the
deep
channel
on
the
northern
side
of
the
bay.
From
the
channel,
the
water
moves
past
the
mouth
of
the
Saginaw
River
and
out
to
Lake
Huron
along
the
southern
shore
of
the
bay
(Figure
4.2—3).
The
residence
time
of
water
in
the
inner
bay
is
approximately
four
months,
while
the
bay
as
a
whole
has
a
residence
time
of
two
months
(20).
This
.
is
because
large
amounts
of
water
enter
the
bay
from
Lake
Huron,
but
"short
circuit"
before
flushing
the
inner
bay.
The
southwest
corner
of
i
the
inner
bay
is
nearly
stagnant.
This
is
evidenced
by
the
high
chloride
¢
and
conductivity
concentrations
observed
in
this
area.
The
circulation
1
pattern
in
the
inner
bay
is
dependent
mainly
on
wind
speed
and
direction,
while
the
pattern
in
the
outer
bay
depends
on
the
overall
circulation
of
Lake
Huron
and
bay
geometry,
as
well
as
wind.
The
circulation
pattern
in
the
bay
responds
to
wind
speed
and
direction
changes
within
8
to
9
h0urs (16).
The
circulation
pattern
(Figure
4.2—3)
for
prevailing
southwesterly
wind
conditions
indicates
the
occurrence
of
two
eddies
or
gyres,
one
in
1
the
northeast
corner
of
the
inner
bay
and
the
other
in
the
central
part
of
the
outer bay near
its mouth.
Although
the
net
contribution
to water
movement
due
to
these
eddies
is
zero,
they have a mixing
effect
and
thus
promote
mass exchange.
This
phenomenon
is known
as dispersion.
The magnitude
of water movement
and
dispersion
fluctuates
through—
out the year due to various physical factors.
During the period
from
December to March,
the inner bay is usually covered with ice.
Very
little water movement occurs and pollutants
tend to accumulate beneath
the ice.
As mentioned earlier, a thermal bar forms a horizontal barrier
to mass exchange between the bay and lake in the early spring.
This
effect causes a 50% reduction in net water movement and a 75% reduction
in dispersion between the inner and outer bay (19).
As temperatures
increase and the thermal bar dissipates, water movement and dispersion
increase.
In June, the bay is almost completely flushed out due to
storms and high flows from the Saginaw River.
During late summer and
fall the bay settles down to more or less average conditions.
The annual
average exchange from the inner to the outer bay is approximately 800
m3/s.
From the entire bay to Lake Huron, the annual average exchange
is approximately 5000 m3/s (20).
CHEMICAL
Included in this section are chemical parameters that are indicative
of Saginaw Bay water quality. Many of the parameters discussed are
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TABLE 4.2-3 _
WATER QUALITY CHARACTERISTICS OF SAGINAW BAY - 197A (12)
SEGMENT I
SEGMENT II SEGME
NT II
I SEGM
ENT I
V SEGMENT V TOTA
L BA
Y
 
Dissolved Oxygen
gmg
02
/2
)
Mean : Std. Dev.
Range
# of samples
Chloride m ll)
 
Mean : Std.
Dev.
Range
# of samples
Chloro h
11 a (m /2
)
 
Mean i Std. Dev.
Range
# of
sampl
es
Total Phos
phorus (m
g/2)
Mean :_Std. Dev.
Range
# o
f s
amp
les
Dissolved
Reactive
Sili
(mg 5102/2)
Mean
Range
# of
sampl
es
 
10.1:l.6
4.7—16.0
156
22.9:12.9
5.4-85.4
2
0
1
29.01:l4.88
1.07—74.40
152
0.058 :0.039
0.002—0.290
109
cate
0.88:0.70
0.07—3.94
200
 
10.1:2.0
2.7—14.o
205
l3.4
i§.6
2.7—67.0
2
6
0
16.26il0.37
2.33—45.70
178
0.026:0.013
0.003-0.069
180
1.05:0.65
0.05—3.69
275
 
10.1:1.7
7.6—
14.8
50
20.0:7.7
6.1—40.3
68
24.85il3.40
4.41—58.50
54
0.037ip.015
0.011—0.081
4
7
0.72:0.39
0.05—1.87
68
 
11.6:l.8
8.8—15.5
175
7.014.0
2.9—4o.0
254
3.52
:2.3
4
0.40—11.50
13
8
0.009
:0.01
0
0.002—0.089
157
1.08:0.33
0.07—2.03
256
 
11.0il.6
8.3—15.0
119
9.0:4.4
3.3—26.2
208
7.69:8.81
0.32—57.40
128
0.013:0.016
0.002—0.048
14
2
0.98ip.42
0.04—3.17
209
 
10.6:l.9
2.7—16.0
705
13.2i9.5
2.7—85.4
99
1
15.70il4.30
0.32—74.40
650
0.025:Q.027
0.002-O.290
635
0.99:0.55
0.05—3.94
1011
  
  
T
A
B
L
E
4
.
2
-
4
WATER QUALITY
CHANGES
IN SAGINAw BAYa
SAMPLE L CATION
PARAMETER
SAGINAW RIVER MOUTH
INNER BAY
OUTER BAY
YEAR
REFERENCES
 
Chloride
50-300
25-40
10
1935-1936
21
(mg/2)
280
60
11
1956
22
170
47
8
1965
14
48
18
8
1974
12
35
13
8
1975
12
2
2
3
Chlorophyll a
—
18
3
1965
14
(ug/SL)
48
26
8
1974
12
37
21
8
1975
12
Total
-
41
18
1956
22
Phosphorus
170
—
-
1965
14
(pg/2,)
111
38
12
1974
12
154
32
13
1975
12
      
a.
Values shown are means unless a range is given.
  
  
 
  
  
  
  
  
  
  
   
   
  
  
   
   
  
   
   
 
useful as qualitative measures of water quality; however, someof the
parameters are major problems and are in violation of specific criteria.
Emphasis is placed on the latter parameters. Major problems include
nutrients and toxic substances. Observed concentrations are compared
with the jurisdictional standards and objectives, which are tabulated in
Appendix C.
ALGAL NUTRIENTS
Dissolved phosphorus, nitrogen, and reactive silicate are the algal
nutrients of importance in Saginaw Bay. While deficiencies in each of
these nutrients can limit algal growth, dissolved phosphorus is the only
major, controllable nutrient that is absolutely required by all of the
various types of algae. This is especially true for blue—green algae
which are the most obnoxious from a water quality point of View. For
this reason, emphasis is placed on phosphorus in this discussion. Since
the only historical data on phosphorus are for total phosphorus concentra—
tions, this parameter will be used to discuss trends.
TOTAL PHOSPHORUS
For the period 1956 to 1974, there has been no significant change
in total phosphorus concentration in Saginaw Bay (Table 4.2—4). There
are, however, significant spatial differences in total phosphorus concen—
trations based on 1974 data (Table 4.2-3).
These concentrations do not
meet the Agreement objective (Appendix C).
The sources of phosphorus in the basin include municipal and indus—
trial waste discharges, runoff from agricultural land, and resuspension
of phosphorus-containing solids from dredging activities.
The effect of
dredging is actually a redistribution of materials from the original
sources.
CHLOROPHYLL a
Chlorophyll a is a relatively simple measure of algal biomass in a
body of water.
Based on chlorophyll a concentration data from 1965 and
1974, an apparent increase in this parameter was observed (Table 4.2—4).
Spatial differences in Saginaw Bay for chlorophyll a are pronounced
(Table 4.2—3).
There are no specific water quality objectives for
chlorophyll a concentration, although chlorophyll a values
in the bay
are
often
100
times
the
values
in Lake
Huron proper.
ORGANICS
The limited data on trace organic concentrations in Saginaw Bay
water will not allow trend detection (Table 4.2—5).
However, PCB's and
di(2-ethylhexyl)phthalate exceed the proposed Agreement objectives,
while dieldrin is present in detectable quantities.
The presence of
these compounds is significant due to their direct
toxicity to aquatic
life and to the possibility of their accumulation in the food chain.
The contamination of Saginaw Bay with organic compounds results from the
discharge of these compounds to the Saginaw River and its tributaries.
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TABLE 4.2-5
ORGANICS
IN
SAGINAW
BAY
—
1974
(24)
PARAMETER
CONCENTRATIONS
IN n
2
PROPOSED
AGREEMENT
SAGINAW
RIVER
INNER
BAY
OUTER
BAY
OBJECTIVES
Arochlor 1242
70
10
Not Found
—
Arochlor 1254
10
3
Not Found
—
Arochlor 1260
<10
<10
<10
-
Total PCB
80—90
13—23
0—10
18
Dieldrin
0.8
0.5
0.6
lb
pp'DDT <1 <1 <1 3C
DDE
<1
<1
<1
3C
DDD
<1
<1
<1
3C
Di(2-ethylhexyl)—
phthalate 600
4 samples in bay rangedfrom <1000 to 1400; mean = 1300
l
a. This level may not be adequate to provide protection to certain predators,
and could presently not be enforced because of insufficiently sensitive
quantification limits.
b. Objective is for aldrin plus dieldrin.
c. Objective is for DDT plus metabolites.
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The
Sagi
naw
Rive
r ha
s th
e hi
ghes
t PC
B co
ncen
trat
ions
of a
ny r
iver
test
ed
in M
ichi
gan.
The
majo
r an
d se
vera
l of
the
mino
r po
int
sour
ces
were
iden
tifi
ed a
nd c
orre
ctiv
e ac
tion
init
iate
d at
the
sour
ce.
Wate
r an
d
fish samples collected and analyzed subsequent to the corrective steps
bein
g ta
ken
stil
l ex
hibi
t re
lati
vely
high
conc
entr
atio
ns o
f PC
B's
and
othe
r or
gani
c co
ntam
inan
ts.
Thes
e da
ta i
ndic
ate
ther
e st
ill
rema
ins
a
significant input to the Saginaw Bay system from diffuse (non—point)
and, therefore, difficult to control sources.
HEAVY METALS
As in the case of organics, there are insufficient data for trend
detection for heavy metals (Table 4.2—6). Most of the available criteria
for
heav
y me
tals
appe
ar t
o be
met;
howe
ver,
the
data
are
inco
mple
te.
Heavy metals present problems similar to organics with respect to toxicity
and bioaccumulations. Sources of heavy metals are mainly electroplating
operations which discharge to the Saginaw River or its tributaries.
An anomaly occurred for copper in Saginaw Bay during 1974 (12).
Samples on 3 separate dates from a station near Sand Point were found to
contain between 36 and 90 ug/R of copper which is an order of magnitude
larger than the bay average (Table 4.2-6).
CHLORIDE
Chloride is generally considered to be an indicator of pollution.
Data collected since 1935 on the concentration of chloride in the
Saginaw River and the inner and outer bays indicate a dramatic improvement
in water quality. The mean concentration of chloride in the inner bay
has decreased from an average of 60 mgl£ in 1956 to an average of 18
mg/£ in 1974 (Table 4.2—4). The concentrations now observed are well
below the Michigan State Standard (50 mg/R). The U.S. Water Quality
Criteria is met at the desirable level (25 mg/R) except near the mouth
of the Saginaw River.
Significant spatial gradients in chloride concentrations are ob-
served in Saginaw Bay (Table 4.2-3). This situation permits the use of
chloride as a tracer of water movement in the bay (18). As has been
mentioned in the conductivity discussion, the dissolved solids discharges
to the Saginaw River have been significantly reduced. These reductions
include a 50% decrease in the chloride load.
DISSOLVED REACTIVE SILICATE
This parameter is included because it is a nutrient for diatom
growth and, in contrast to the other parameters discussed here, a major
source is Lake Huron. That Lake Huron acts as a source of reactive
silicate is demonstrated by a comparison of mean concentrations for
Segments I and IV (Table 4.2-3). The direction of the concentration
gradient is the opposite of other parameters which have the Saginaw
River as their only source. Silicate depletion probably is an important
factor in the early summer species shift from diatoms to blue-green
algae (31).
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 HEAVY
METALS
IN
SAGINAw
BAYb
-
1974
(24)
 
TABLE
4.2-6
H
E
A
V
Y
METALS
CONCENTRATIONS
IN
pgl£
 
SPRIch
1
974
FA
LL
74
U.S.DRINKING WATER
Min.
Max.
M
e
a
n
Cu
Cd
Z
n
2
2
7
F
e
Mn
C
r
P
b
Hg
 
l.
5.
1
0
5
5
32
110
  
2
.
2
2
3
65
  
M
a
x
.
6.
15
170
1
4
M
e
a
n
  
3.4
-
8
5000
93
300
8
50
6
50
 
STANDARD
U.S.WATER QUALITY
CRITERIA
AGREEMENT
OBJECTIVE
  
1000
1
0
5000
300
5
0
5
0
50
 
a
.
b.
P
r
o
p
o
s
e
d
.
See
also
Appendix
C
  
for
complete
listing
of
criteria,
standards,
objectives,
and
guidelines.
  
  
  
 
  
  
  
  
 
HYDROGEN ION (pH)
Th
e
an
nu
al
av
er
ag
e
pH
fo
r
Sa
gi
na
w
Ba
y
in
19
74
wa
s
8.
45
(12
).
Th
is
re
pr
es
en
ts
an
in
cr
ea
se
of
be
tw
ee
n
0.
3
an
d
0.
5
un
it
s
si
nc
e
19
56
(22
).
In
di
vi
du
al
sa
mp
le
s
ra
ng
ed
fr
om
6.
88
to
9.
58
wi
th
47
%
of
th
e
sa
mp
le
s
in
ex
ce
ss
of
th
e
Ag
re
em
en
t
ob
je
ct
iv
e
of
8.
5;
ho
we
ve
r,
th
e
pr
op
os
ed
Ag
re
em
en
t
ob
je
ct
iv
e
is
9.
0
(A
pp
en
di
x
C).
Th
es
e
re
la
ti
ve
ly
hi
gh
pH
va
lu
es
ar
e
pr
ob
ab
ly
ca
us
ed
by
al
ga
l
up
ta
ke
of
C0
2
ra
th
er
th
an
an
y
sc
ur
ce
of
hi
gh
pH
effluents.
ALKALINITY
Al
ka
li
ni
ty
is
an
in
di
re
ct
me
as
ur
e
of
th
e
bu
ff
er
ca
pa
ci
ty
of
wa
te
r.
Th
e
an
nu
al
av
er
ag
e
al
ka
li
ni
ty
fo
r
Sa
gi
na
w
Ba
y
in
19
74
wa
s
92
mg
/l
as
Ca
CO
3
(12
).
Th
is
re
sp
re
se
nt
s
a
de
cr
ea
se
fr
om
19
56
wh
en
th
e
ba
y
av
er
ag
e
wa
s
ov
er
10
0
mg
l£
(22
).
In
193
7,
th
e
ba
y
av
er
ag
e
wa
s
in
th
e
lo
w
90
's
(21).
SEDIMENTS
Sa
gi
na
w
Ba
y
se
di
me
nt
s
ha
ve
be
en
st
ud
ie
d
se
ve
ra
l
ti
me
s
si
nc
e
19
70
(2
5—
29
).
Th
e
ba
y
bo
tt
om
is
no
t
un
if
or
ml
y
co
ve
re
d
wi
th
se
di
me
nt
s
(F
ig
ur
e
4.
2-
4)
.
Th
e
sp
at
ia
l
va
ri
at
io
n
of
th
e
sa
mp
le
s
an
al
yz
ed
as
we
ll
as
di
ff
er
en
ce
s
in
exp
eri
men
tal
tec
hni
que
pre
clu
de
tre
nd
det
ect
ion
.
Sed
ime
nt
che
mis
try
da
ta
ar
e
pr
es
en
te
d
as
ra
ng
es
an
d
me
an
s
(T
ab
le
4.
2—
7)
an
d
co
mp
ar
ed
to
EP
A
dre
dge
spo
il
dis
pos
al
gui
del
ine
s.
Sed
ime
nts
are
con
sid
ere
d
unp
oll
ute
d,
mod
era
tel
y p
oll
ute
d,
or
hea
vil
y
pol
lut
ed
dep
end
ing
on
whe
the
r
con
cen
tra
tio
ns
are
les
s
tha
n,
wit
hin
,
or
gre
ate
r
tha
n
the
gui
del
ine
ran
ge,
res
pec
tiv
ely
,
fo
r
ea
ch
pa
ra
me
te
r.
On
th
is
ba
si
s,
Sa
gi
na
w
Ba
y
se
di
me
nt
s
ar
e
mo
de
ra
te
ly
pol
lut
ed
wit
h
res
pec
t
to
zin
c,
lea
d,
tot
al
Kje
lda
hl
nit
rog
en,
and
che
mic
al
oxy
gen
dem
and
and
unp
oll
ute
d w
ith
res
pec
t
to
the
res
t
of
the
par
ame
ter
s
studied.
The
siz
e
of
som
e
of
the
ran
ges
pre
sen
ted
for
met
al
and
nut
rie
nt
con
cen
tra
tio
ns
in
the
sed
ime
nts
is
ind
ica
tiv
e
of
the
str
ong
inf
lue
nce
of
the
Sag
ina
w R
ive
r.
Ext
rem
ely
hig
h v
alu
es
in
the
riv
er
dec
rea
se
mar
ked
ly
in
th
e
in
ne
r
ba
y
an
d
gr
ad
ua
ll
y
de
cr
ea
se
fu
rt
he
r
to
wa
rd
th
e
mo
ut
h
of
th
e
bay
.
Gui
del
ine
s
for
the
pre
vio
usl
y m
ent
ion
ed
par
ame
ter
s
wer
e
exc
eed
ed
onl
y
in
sam
ple
s
tak
en
in
or
nea
r
the
Sag
ina
w R
ive
r.
Sed
ime
nt
val
ues
for
pes
tic
ide
s
and
PCB
'S
wer
e a
ll
bel
ow
the
ana
lyt
ica
l
det
ect
ion
lim
it
exc
ept
for
dib
uty
l
pht
hal
ate
s w
hic
h
var
ied
in
con
cen
tra
tio
n
fro
m 2
90
ug/
kg
in
the
riv
er
mou
th
to
<20
0 u
g/k
g
in
the
out
er
bay
,
aga
in
ref
lec
tin
g
the
gen
era
l p
ath
of
pol
lut
ant
s f
rom
the
Sag
ina
w R
ive
r
(29
).
Se
di
me
nt
co
nt
am
in
at
io
n
by
to
xi
c
su
bs
ta
nc
es
ha
s
a
di
re
ct
ef
fe
ct
on
be
nt
ho
s
an
d
bo
tt
om
fe
ed
in
g
or
ga
ni
sm
s.
Ho
we
ve
r,
as
th
e
ov
er
ly
in
g
wa
te
r
co
lu
mn
be
co
me
s
de
pl
et
ed
in
nu
tr
ie
nt
or
to
xi
c
ma
te
ri
al
s,
th
e
se
di
me
nt
s
ca
n
of
te
n
re
pl
en
is
h
so
me
of
th
e
de
fi
ci
t
th
ro
ug
h
th
e
me
ch
an
is
ms
of
di
ff
us
io
n
an
d
re
su
sp
en
si
on
.
It
is
es
ti
ma
te
d
th
at
50
%
of
th
e
ph
os
ph
or
us
th
at
se
tt
le
s
in
th
e
ba
y
du
ri
ng
th
e
ye
ar
is
re
su
sp
en
de
d
at
a
la
te
r
ti
me
(30
).
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TAB
LE
4.2
-7
SAG
INA
w B
AY
SED
IME
NT
CHE
MIS
TRY
PARAMETER
(mg/kg)
(‘ NC
FNTR
ATTO
NQ
m 1
132l
e
1970
(26)
1973(27)
1974
(‘8’
1975(29)
Max.
Mean
Mean
Min.
Max.
Mean
Max.
Mean
EPA
DRE
DGI
NG
GUIDE
LINES
b
Cu
Cd
Zn
F
e
Mn
C
r
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 BIOLOGICAL
MICROBIOLOGY
Microbial
populations
in
the
nearshore
areas
of
Saginaw
Bay
fluctu—
ate
widely.
Maximum
coliform
populations
for
1965-1966
reached
250,000/
100
m2
(33).
Frequent
coliform
counts
greater
than
1000/100
mR
were
observed.
Large
populations
and
dramatic
fluctuations
of
coliforms
occur
near
the
mouth
of
the
Saginaw
River.
Microbiological
data
for
1968—1974
show
the
same
general
trends.
The
Agreement
objectives
are
that
a
not
more
than
30—day
geometric
mean
of
not
less
than
five
samples
should
not
exceed
1000/100
m£
total
coliform,
nor
200/100
m1
fecal
coliform.
On
the
basis
of
limited
data,
the
total
coliform
objective
appears
to
be
frequently
exceeded,
especially
in
the
inner
bay,
while
the
fecal
coliform
objective
is
probably
being
met
(Figure
4.2-5).
In
addition,
no
long-term
trend
is
evident.
The
sources
of
coliform
bacteria
in
the
bay
are
the
tributaries
which
receive
the
discharges
of
municipal
wastewater
treatment
plants.
Other
microbiological
studies
tend
to
support
the
foregoing
description
(14,
34,
35).
In
addition
to
health-related
organisms,
heterotrophic
and
phos—
phatase
organisms,
which
can
be
sensitive
indicators
of
pollution,
are
higher
in
the
inner
bay
than
the
outer
bay
(36)
(Figure
4.2—6).
Data
on
these
organisms
Suggest
a
peak
microbial
population
in
the
spring
and
early
summer
for
the
entire
bay.
Possible
explanations
for
this
include
bacterial
stimulation by
spring
runoff
and/or
high diatom
crops.
Phytoplankton
biomass
in this part
of
the year
is
five
times
higher
than
at any other time of the year (37).
PHYTOPLANKTON
The 1974 quarterly averages for phytoplankton counts, by major
taxonomic group, for the five segments of Saginaw Bay provide considerable
insight into the bay's biology (Figures 4.247 through 4.2—11). Phytoplankton
composition and abundance in the bay is controlled primarily by nutrient
inputs to Segment I and the average counter-clockwise circulation of
water within the bay. Highest assemblage densities and the greatest
abundance of populations associated with extreme water quality degradation
are consistently found in segment I. Generally, segment III had the
second highest abundance of phytoplankton and was dominated by species
characteristic of highly disturbed habitats.
Segments IV and V had much
lower aVerage assemblage densities than segments I—III, with most stations
having a greater admixture of species abundant in the open waters of
Lake Huron. Phytoplankton abundance was greater in segment V than in
segment IV.
The most striking characteristic of phytoplankton assemblages in
Saginaw Bay is the extreme spatial and temporal variation of popula-
tions. The greatest variability is found in segment I, where the
overall assemblage is dominated by local and transient blooms of particular
populations in response to variations in nutrient loadings and weather
conditions. Also, part of the variability may result from physiological
231
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inhibition
of
phytoplankton
populations
as
is
strongly
suggested
by
the
apparent
condition
of
cells
taken
in
some
samples
and
by
time
series
primary
productivity
studies
(38).
Strong,
time—variable
depressions
in
photosynthetic
rates
were
observed
and
could
be
explained
by
the
presence
of
some
inhibitory
substance
in
the
water
during
the
period
of
observation.
Similar
variability
is
in
evidence
at
the
stations
sampled
in
segments
II
and
III.
In
these
regions
the
problem
is
often
compounded
by
the
presence
of
populations
usually
associated
with
other
regions.
For
example,
outermost
stations
in
segment
II
occasionally
had
signifi—
cant
populations
of
species
associated
with
Lake
Huron
proper
(Cyclo-
teZZa
comta
and
C.
comensis,
among
others),
while
the
inner
stations
of
the
same
segment
often
had
significant
populations
of
species
usually
associated
with
the
Saginaw
River
(e.g.
Microsiphona
potomos).
There
were
striking
differences
in
the
physiological
condition
of
populations
taken
from
the
various
stations
within
these
sectors.
During
the
latter
part
of
the
second
quarter
and
the
first
part
of
the
third
quarter,
certain
blue—green
populations
had
polyphosphate
bodies,
indicating
a
high
degree
of luxury
consumption of phosphorus.
Similar variability in the physiological conditions of populations
present
was
also
noted
in
segments
IV
and
V.
These
observations
support
the
conclusion
of
Schelske
et a1.
(39)
that
senescent
populations
of
blue-green
algae
are
transported
through
this
region
and
into
the open
waters of
Lake Huron
under
certain meteorological
conditions.
Popula-
tions of diatoms
(CycloteZZa comensis,
in particular) with a high pro—
portion of auxospores were also found in this region,
indicating stimu—
lation of populations derived from Lake Huron in these outer bay waters.
Species characteristic of the open waters of Lake Huron are rare in
segmenttl.
The spring productivity maximum is dominated by a suite of
pollution—tolerant diatom species (Fragilaria capucina, Stephanodiscus
binderanus, S. tenuis) similar to those found in western Lake Erie (40).
During midsummer, assemblages in this region are dominated by blue-green
algae (Anabaena spp., Oscillatoria spp., Aphanizomenon flos-aquae)
al—
though certain diatom populations (particularly Cbscinodiscus subsalsus
and Mblosira granulata) are present.
Several diatom taxa usually abun-
dant in riverine (Microsiphona potomos) and benthic (Nitzschia spp. and
Surirella spp.) habitats are quantitatively important in the flora of
this region during the spring and fall. Although minimized in the
averages, flagellates belonging to several divisions may be very abun-
dant at certain stations. This is true forthe Chrysophyta (synura,
MaZZomonas, Ochromonas) , Euglenophyta (E‘uglena viridis, Trachelomonas
volvocina) Haptophyceae (Chrysochromulina parva), and Pyrrophyta (Peri—
dinium aciculiférum). One of the more interesting aspects of the flora
of Saginaw Bay, and segment I in particular, is the occasional abundant
occurrence of Hynemomonas roseola and a number of other scaled flagel—
lates of uncertain taxonomic affinities which have not previously been
reported in the Great Lakes.
Although standing crop levels are somewhat lower, the floristic
composition of most stations sampled in segments II and III is quite
similar to that of stations in segment I. The major exception to this
239
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is the occasional incursion of species common in the offshore waters of
Lake Huron, as has been mentioned preViOusly.
The outer bay segments (IV and V) are floristically intermediate
between the inner bay and open Lake Huron; further, segment V receives
greater influence from Saginaw River inputs to the bay than segment IV.
Although the phytoplankton standing crops range from those commonly
found in eutrophic lakes, in segment I, to those usually found in waters
classified as mesotrophic, as in segment IV, the composition of phytoplank—
ton assemblages in Saginaw Bay is unique. The most striking quality
from the standpoint of composition is the predominance of halophilic
species in the assemblage of the inner bay. The phytoplankton flora of
Saginaw Bay thus appear to reflect the effects of loadings of materials
other than nutrients, such as chloride.
BENTHOS
Saginaw Bay benthos have been extensively studied revealing natural
ecological subdivisions: a Chironomus—Limnodrilus habitat, a Gammarus
habitat, and a Pontoporeia habitat (41-45) (Figure 4.2-12). The first
was occupied by the mayfly Hexagenia, as well, but its abundance has
decreased sharply. Chironomus-Limnodrilus habitat consists of soft mud
bottoms in the deeper areas (>6 m) surrounding the shipping channel and
the shallow depressions in the south-southeastern part of the inner bay.
Edges of the bay, shallows around islands, and the Coryeon Reef support
the diverse assemblages of oligochaetes, insects, molluscs, and crustaceans
characterized by the amphipod Gammarus. The deepwater amphipod Pontoporeia
dominates the offshore areas of the outer bay, where benthos are composed
of fewer species but largernumbers in the same taxa represented in the
inner bay.
Large changes in zoobenthos densities occured overthe period 1955-
1971 (Table 4.2-8) (46). Oligochaetes and chironomids approximately
doubled their densities, but amphipods decreased by half. SBhaeriid
clams decreased abruptly from 1955 populations of over lOO/m to less
than a few individuals per square metre, then re-established populations
to over lOO/m2 by 1965. A catastrophic event, such as oxygen depletion,
probably occured in 1955 or 1956 from which sphaeriids recovered, but
not Hexagenia. Ephemeroptera populations were practically nonexistent
in the bay after 1956, and the mayflies remaining belonged to genera
other than Hexagenia.
Changes in Saginaw Bay benthos follow almost exactly the patterns
observed in western Lake Erie (49) and in Green Bay (50). Moreover, the
distribution of oligochaete species in Saginaw Bay in 1956 provides
clear evidence of eutrophication already occuring at that time. The
occurrence of eutrophic-indicator assemblages of benthos in the Sebewaing
area may reflect additional organic waste discharges in this location as
well as the influence of the Saginaw River plume (51).
Héxagenia and amphipod decreases were probably detrimental to the
240
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I} TABLE 4.2—8
:1 DENSITY (INDIVIDUALS/M2) OF BENTHOS IN SAGINAW BAY
32 1955-1971 (46)
        
1955(43)l 1956(47) 1965(47) 1965(48) 1971(46)
Amphipoda 123 200 330 96 87
Oligochaeta 2,174 3,532 3,060 6,579 5,888
‘lﬁ
Sphaeriidae
122
trace
100
35
24
$8
Chironomidae
424
294
360
795
873
;; Ephemeroptera 63 9 1 O 2
i; # of Stations 19 51 24 43 29
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p
o
d
s
r
e
l
a
t
i
ve
to
the
total
c
r
us
t
a
c
e
a
n
zo
o
p
l
a
n
k
t
o
n
p
o
p
u
l
a
t
i
o
n
is
c
a
l
c
u
l
a
t
e
d
and
the
r
e
s
ul
t
s
for
the
regions
of
i
n
t
e
r
e
s
t
are
compared.
T
h
i
s
s
i
m
p
l
e
r
e
l
a
t
i
o
n
s
h
i
p
is
best
a
p
p
l
i
e
d
during
summer
w
h
e
n
the
g
r
e
a
t
e
s
t
number
of
species
of
both
Copepods
and
Cladocera
are
present
in
the
water column.
Dramatic
differences
in
the
relative
abundance
of
calanoid
copepods
to
cyclopoid
copepods
and
cladocerans
were
observed
in
different
portions
of
Saginaw
Bay.
Calanoid
percent
compositions
ranged
from
1.6
to
15.3%
of
the
total
crustacean
zooplankton
in
the
outer
bay
and
from
0.6
to
2.4%
in
the
inner
bay
during
the
three
warmer
quarters
of
the
year
(Figure
4.2—13).
During
winter,
cyclopoid
copepods
were
predominant
in
the
inner
bay
and
shared
co—dominance
with
calanoid
copepods
in
the
outer
bay.
It
should
be
noted,
however,
that
calanoid
copepods
were
never
very
abundant
in
Saginaw
Bay,
indicating
the
general
eutrophic
nature of this large embayment.
The
biomass
of
crustacean
zooplankton
is
an
additional
indicator
of
nutrient
enrichment.
The
abundance
and
distribution
of
crustacean
zoo-
plankton
in
Saginaw
Bay
reflects
the
influences
of
nutrient
enrichment
predominantly
from
the
Saginaw
River.
The
abundance
of
zooplankton
dur-
ing
all
seasons
was
greatest
in
those
portions
of
Saginaw
Bay
(segments
I,
II,
and
III)
receiving
the
major
inputs
of
Saginaw
River
water
(Figure
4.2-13).
The
mean
abundance
is
defined
as
the
average
number
of
organisms
per
litre.
Mean
abundances
were
2.6,
2.4,
and
3.5
times
higher
in
segments
I,
II,
and
III
than
they
were
in
segments
IV
and
V
in
spring,
summer,
and
fall,
respectively.
Limited
data
for
winter
revealed
that
only
during
this
time
of
the
year
when
cladocerans
especially
were
inhibited
by
cold
temperatures
was
the
abundance
of
crustacean
zooplankton
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e
a
r
l
y
t
h
e
s
a
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e
i
n
a
l
l
p
o
r
t
i
o
n
s
o
f
t
h
e
b
a
y
.
C
l
a
d
o
c
e
r
a
n
s
g
e
n
e
r
a
l
l
y
d
i
s
a
p
p
e
a
r
f
r
o
m
t
h
e
w
a
t
e
r
c
o
l
u
m
n
n
e
a
r
t
h
e
t
i
m
e
o
f
f
a
l
l
o
v
e
r
t
u
r
n
i
n
t
h
e
o
l
i
g
o
t
r
o
p
h
i
c
w
a
t
e
r
s
o
f
t
h
e
U
p
p
e
r
L
a
k
e
s
a
n
d
s
p
e
n
d
t
h
e
c
o
l
d
e
r
m
o
n
t
h
s
a
s
r
e
s
t
i
n
g
e
g
g
s
(
e
p
i
p
p
h
i
a
)
i
n
t
h
e
s
e
d
i
m
e
n
t
s
.
H
o
w
e
v
e
r
,
i
n
e
u
t
r
o
p
h
i
c
w
a
t
e
r
s
,
s
u
c
h
3
%
G
r
e
e
n
B
a
y
,
C
l
a
d
o
c
e
r
a
r
e
m
a
i
n
i
n
a
d
u
l
t
c
o
n
d
i
t
i
o
n
y
e
a
r
r
o
u
n
d
(
5
8
)
.
I
n
S
a
g
i
n
a
w
B
a
y
,
c
l
a
d
o
c
e
r
a
n
s
a
r
e
t
h
e
p
r
e
d
o
m
i
n
a
n
t
z
o
o
p
l
a
n
k
t
e
r
s
t
h
r
o
u
g
h
o
u
t
t
h
e
w
a
r
m
e
r
m
o
n
t
h
s
a
n
d
a
r
e
s
t
i
l
l
p
r
e
s
e
n
t
,
a
l
t
h
o
u
g
h
i
n
l
e
s
s
e
r
n
u
m
b
e
r
s
,
d
u
r
i
n
g
w
i
n
t
e
r
.
Cyclops vernaZis
L
a
k
e
s
.
In
L
a
k
e
E
r
i
e
i
s
a
g
o
o
d
i
n
d
i
c
a
t
o
r
o
f
e
u
t
r
o
p
h
y
i
n
t
h
e
G
r
e
a
t
,
t
h
i
s
s
p
e
c
i
e
s
w
a
s
f
o
u
n
d
o
n
l
y
in
t
h
e
e
x
t
r
e
m
e
w
e
s
t
e
r
n
e
n
d
o
f
L
a
k
e
E
r
i
e
a
t
t
h
e
m
o
u
t
h
s
o
f
t
h
e
D
e
t
r
o
i
t
a
n
d
M
a
u
m
e
e
R
i
v
e
r
s
i
n
1
9
3
0
(
6
0
)
,
b
u
t
h
a
d
s
p
r
e
a
d
t
h
r
o
u
g
h
o
u
t
t
h
e
l
a
k
e
b
y
1
9
6
7
(
6
1
)
.
I
n
L
a
k
e
M
i
c
h
i
g
a
n
,
t
h
i
s
s
p
e
c
i
e
s
is
e
x
t
r
e
m
e
l
y
r
a
r
e
in
t
h
e
m
a
i
n
p
o
r
t
i
o
n
of
t
h
e
l
a
k
e
b
u
t
is
p
r
o
m
i
n
e
n
t
i
n
t
h
e
f
a
u
n
a
o
f
G
r
e
e
n
B
a
y
(58).
C
y
c
l
o
p
s
v
e
r
n
a
l
i
s
i
s
t
h
e
c
o
m
m
o
n
c
y
c
l
o
p
o
i
d
c
o
p
e
p
o
d
in
t
h
e
i
n
n
e
r
p
o
r
t
i
o
n
o
f
S
a
g
i
n
a
w
B
a
y
b
u
t
is
r
a
r
e
i
n
t
h
e
p
r
e
d
o
m
i
n
a
n
t
l
y
L
a
k
e
H
u
r
o
n
w
a
t
e
r
of
t
h
e
o
u
t
e
r
b
a
y
(
F
i
g
u
r
e
4
.
2
—
1
4
)
.
FISH
As
a
l
l
ud
e
d
to
earlier,
the
c
o
m
m
e
r
c
i
a
l
fishing
i
n
d
us
t
r
y
is
in
a
depressed
state.
It
is
therefore
difficult
to
estimate
occurence
and
a
b
u
n
d
a
n
c
e
of
species
f
r
o
m
c
o
m
m
e
r
i
c
a
l
c
a
t
c
h
data.
D
e
s
i
r
a
b
l
e
f
i
s
h
m
a
y
not
be
caught
due
to
economic
conditions.
A
trap
net
survey
of
three
similar
areas
in
Saginaw
Bay
was
conducted
by
the
Michigan
DNR
in
1972
(62).
The
results
are
useful
in
providing
a
qualitative
description
of
the
present
fish
population.
Samples
were
taken
near
Quanicassee,
the
mouth
of
the
Saginaw
River,
and
the
mouth
of
the
Pinconning
River
(Figure
4.2—1).
The
three
locations
yielded
a
total
of
26
species.
Desirable
species
(crappie,
pumpkinseed,
yellow
perch,
and
northern
pike)
dominated
the
Quanicassee
and
Pinconning
locations;
78%
by
number
of
fish
collected
at
the
Saginaw
River
location
were
undesirable
(gizzard
shad,
carp,
and
bullheads).
The
results
from
the
Quanicassee
and
Pinconning
locations
are
probably
more
indicative
of
the
Saginaw
Bay
fish
population.
High
water
temperatures
and
increased
enrichment
in
the
vicinity
of
the
Saginaw
River
favor
undesirable
rough
fish
at
this
location.
The
effects
of
degradation
on
the
bay's
fish
population,
including
alterations
in
Species
abundance
and
uptake
of
toxic
substances,
will
be
discussed
in
a
later
section
of
this
subchapter.
MODELLING
METHODOLOGY
f
The
limnological
data
presented
in
the
preceding
sections
is
useful
in
characterizing
the
state
of
Saginaw
Bay.
Analyses
of
trends
in
these
data
can
give
an
indication
of
water
quality
in
the
near
future.
How—
ever,
management
issues
such as long—term
projections
of
bay water
quality
and
requirements
for
reversal
of
undesirable
trends
cannot
be
addressed
by
these
data
alone.
While
limnological
data may
be used
to
infer which water quality parameters are important, mathematical models
of
the
physical,
chemical,
and
biological
processes
that
affect
water
quality
are
uniquely
qualified
to
address
the
management
questions
of
loading
reductions
and
timing
of
Such reductions.
When
these mathematical
245
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models
are
used
in
conjunction
with
available
data,
actions
necessary
to
achieve
and
maintain
a
desirable
water
quality
can
be
specified.
In
this
section,
the
mathematical
models
used
to
address
management
issues
for
the
present
report
are
briefly
described.
The
assumptions
necessary
for
implementation
of
the
models
are
listed.
It
should
be
noted
that
many
of
the
models
discussed
are
still
in
the
development
stage
and
that
more
sophisticated
versions
may
become
available
in
the
future.
CHLORIDE MODEL
Chloride
models
have
been
used
in
this
report
to
calculate
expected
chloride
concentrations
that
will
result
from
future
increases
in
chloride
loading.
These
models
have
also
been
used
to
infer
the
circulation
patterns
within
Saginaw
Bay
that
are
needed
for
input
to
the
biomass
model
to
be
discussed.
Basically,
the
models
involve
time-variable
mass
balances
of
chloride
with
and
without
spatial
resolution.
Details
of
these
models
have
been
presented
elsewhere
(18,
19,
63).
The
following
assumptions
were
made
in
order
to
permit
the
use
of
these
models
as
a
predictive tool:
(1)
The
chloride
concentration
of
Lake
Huron
can
be
taken
to
be
constant at 5.5 mg/ﬁ.
(2)
The
circulation
patterns
for
future
years
will
be
similar
to
that calculated in 1974.
(3)
The
pattern
or
timing
of
chloride
loading
will
be
similar
to
that measured in 1974.
CHLOROPHYLL a MODELS
These models use chlorophyll a as an indicator of phytoplankton
biomass in lakes.
The chlorophyll a model used in this chapter describes
the coupled Saginaw Bay-Lake Huron system and is also used in Chapter 5.
i
Details of this model have been presented elsewhere (64—66).
Essentially,
i
the model represents a mass balance around each ecological or nutrient
;
compartment and around physical space. In this case, ecological compartments
include phytoplankton and zooplankton, nutrient compartments include the
different forms of phosphorus and nitrogen, and physical space includes
a single segment encompassing most of Saginaw Bay as discussed further
1
in Chapter 5.
\
BIOMASS MODEL
This model uses phytoplankton cell volume measurements as direct
indicators of phytoplankton biomass. This allows simulation of different
functional groups of phytoplankton, an important advantage in view of
the varied water quality characteristics associated with different
phytoplankton groups such as diatoms and blue—greens. The model used
for projections in this report is spatially simplified with the inner
247
   
portion of Saginaw Bay represented as one well-mixed segment. This model
partitions total phytoplankton biomass into 5 different functional
groups and uses a more detailed formulation of nutrient uptake and cell
growth kinetics than the chlorophyll a model. Details of the model are
discussed elsewhere (67—69). This is the first attempt to use a biomass
model as a management tool.
APPLICATION OF PHYTOPLANKTON MODELS TO SAGINAW BAY
In order to apply these phytoplankton models to an actual physical
system, such as Saginaw Bay, a calibration to existing data must be ob—
tained. This involves inputting such information as circulation, load-
ings, boundary conditions, and initial conditions to the model and
adjusting model output to agree with field observations. An important
qualification that the present models are subject to is that the role of
sediments in the nutrient dynamics of the bay is still unquantified.
Upon completion of the calibration step, the models can be used to
simulate phytoplankton response to increases or decreases in nutrient
loads. Certain assumptions were made about future conditions in order
to generate these simulations for Saginaw Bay:
(1) The flow within Saginaw Bay and from the Saginaw River remains
similar to that observed in 1974.
(2) Waste load reductions are immediate in time.
(3) The future proportions of reactive phosphate and non-reactive
phosphate in the total phosphorus load remain the same as
measured in 1974.
The biomass model differs from the chlorophyll model in that it is
not part of a coupled Saginaw Bay-Lake Huron system. This presents a
special problem in the determination of future boundary conditions since
these conditions will change as nutrient loads change. Additional
spatial resolution is needed to resolve this ambiguity.
EXISTING AND POTENTIAL PROBLEMS
Water quality problems in Saginaw Bay must be considered in relation
to future increases in urban and industrial growth. Such problems are
therefore divided into two groups: existing and potential. Although
there is some overlap, existing problems can be documented with experi—
mental data while potential problems are indicated by trends in data and
by modeling projections. In cases where documentation is sparse, further
study is needed.
EXISTING PROBLEMS
As the limnology section indicates, water quality parameters of
concern in Saginaw Bay are nutrients, organics, heavy metals, dissolved
oxygen, and coliform bacteria. Water quality problems in the bay result
   
 
  
   
   
   
  
   
  
   
  
   
  
 
 
 
 
   
  
  
  
 
 from
the
effect
these
parameters
have
on
beneficial
uses.
In
this
sec-
tion,
the
effects
of
these
parameters
on
water
Supply,
sport
and
commer—
cial
fisheries,
and
recreation
are
described,
thus
identifying
problem
areas.
WATER SUPPLY
Taste
and odour within
the
Saginaw-Midland
water
supply
and
filter
cloggings
at
three
municipal
intake
sites
on
Saginaw
Bay
have
been
problems
for
a
number
of
years.
Treatment
plant
managers
have
reported
acute
taste
and
odour
problems
lasting
from
a week
to
three
months,
usually
during
the
summer.
Filter
cloggings
are
frequent
during
the
spring
and
fall.
These
problems
are
believed
to
be
associated
with
excessive algal growth.
A
detailed
survey
(70)
of odour
and
algal
concentrations
at
the
Saginaw-Midland
Water
Supply
System intake
near Whitestone Point
was
conducted by the personnel at the Saginaw Water Treatment Plant:
Al—
though this intake is located in the cleanest segment of the bay (Seg—
ment IV), severe problems are often experienced due to water which is
transported from the inner bay by wind-driven currents.
Daily water
samples were analyzed for threshold odour,
diatoms,
and Aphanizomenon
(a
blue—green alga).
Results of the survey revealed a definite correlation
between threshold odour number and algal counts, especially Aphanizomenon
(Figure 4.2-15).
Forty—two percent of the threshold odour numbers were
equal to or in excess of the U.S. Public Health Service criteria of 3
(71) (Table 4.2—9). On the basis of these and other data (72), high
threshold odour numbers appear to be due to the products of decomposition
of algal biomass by the aquatic fungi Actinomycetes and by the Aphanizomenon
themselves.
The excessive algal growth that results in water supply problems is
due to stimulation of phytoplankton crops by phosphorus (73). In spite
of the rapid circulation of Lake Huron water through the bay during much
of the growing season, phosphorus loading from tributaries has maintained
the bay in an enriched state. This conclusion is also indicated by the
preceding sections on phytoplankton, zooplankton, and benthos.
FISH
Degradation of water quality in Saginaw Bay contributes to two
problems for the bay‘s fisheries. The previously mentioned decline in
the commercial fishery is due in part to pollution—induced changes in
abundance. Specifically, lake herring and walleye are considered to be
two species that decreased due to a combination of environmental degradation
and overfishing (74). Available evidencesuggests that fishing pressure
on these species increased at a time when increased pollutant loadings
were making the stocks less resilient to exploitation. Adverse water
quality changes affect not only the fish themselves, but also the food
organisms that they depend on.
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TABLE 4.2—9
THRESHOLD ODOUR AT WHITESTONE POINT WATER INTAKE
SAGINAW BAY (70)
THRESHOLD ODOUR OF SAMPLES 3 Z :
NUMBER THRESHOLD ODOUI?‘ THRESHOLD ODOUR AT VALUE Z OF TOTAL
1 247 100 69 28
2 178 72 74 30
3b 104 42 55 22
4 49 20 26 11
5 23 9 1 0.4
6 22 9 16 6
7 6 2 2 o 8
8 4 2 3 1
9 1 0.4 o o
10 1 0.4 1 0.4
      
a.
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Another problem for the bay's fishery is metals and organics con—
tamination. In 1972, four species of fish (perch, carp, sucker, and
Whitefish) were collected and analyzed for PCB's, dieldrin, total DDT,
and mercury (75). Except for carp, all averaged below 1 mg/kg for each
parameter (whole fish). Carp, with a higher percentage of fat, averaged
4 mg/kg for PCB's, 1 mg/kg for total DDT, 0.13 mg/kg for mercury, and
0.05 mg/kg for dieldrin. Catfish were collected in 1973 and showed
higher values for the same four parameters; average values were 8.2,
0.08, 3.8, and 0.18 mg/kg for PCB's, dieldrin, total DDT, and mercury,
respectively (76). Most of the PCB and some of the total DDT values
exceeded the FDA guideline of 5 mg/kg as well as the proposed Agreement
objectives of 0.1 and 1.0 mg/kg, respectively (see Appendix C).
Four species (perch, carp, sucker, and smelt) in 1974 and perch
from two locations in 1975 were collected and analyzed for a wider
variety of metals and organic compounds (77). Carp again had high
concentrations of PCB's, total DDT, zinc, and mercury, although only a
few of the PCB levels exceeded the FDA guideline. Most other organic
compounds were near or below the detection limits; however, perch from
Quanicassee and Tawas City both had detectable levels of Aroclor 1254,
averaging 0.13 and 0.20 mg/kg, respectively. Lead and cadmium were also
near or below the detection limit.
A qualitative examination of several fish indicated the presence of
numerous organic compounds, some of which are not routinely studied
(78). Dichloro- to nonachlorobiphenyls; o,p and p,p' isomers of DDE,
DDD, DDT; trichloro- to hexachlorobenzenes; cis and trans isomers of
chlordane and nonachlor; hexa—, hepta—, and octachlorostyrenes; and
penta-, hexa-,
andheptahydroxy—PCB's were detected.
Quantitative data
were not available.
The data available on metals and organics contamination in fish are
too sketchy to allow any conclusions to be drawn.
Except for the carp
and catfish, the concentrations are, in general, low in comparison to
present guidelines.
RECREATION
Bacterial contamination in Saginaw Bay has been shown to be somewhat
of a problem.
This situation affects the recreational uses of swimming
and boating.
Although some of the effects are difficult to quantify,
high total and/or fecal coliform determinations have contributed to
discouraging swimmers at Bay City State Park, near the mouth of the
Saginaw River.
In many respects, the aesthetic perception of Saginaw
Bay by potential recreational users is also affected by the same conditions
that impair water supply uses:
excessive nutrient stimulation of algae.
POTENTIAL PROBLEMS
Population and industrial activity in the Saginaw Bay basin are
projected to increase significantly by the year
2020
(Chapter
1). The
amount of municipal and industrial wastes requiring treatment will,
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 therefore,
also
increase.
Unless
the
rate
of
installation
of
treatment
facilities
keeps
pace with
these
increases,
loadings of most
pollutants
to
the bay
will
eventually
exceed
present
levels.
In addition,
non-
point sources remain largely uncontrolled and loading quantities
from
these
sources
are
also
functions
of
urban
and
industrial
growth.
Continued impairment of the beneficial uses of Saginaw Bay as a
water supply,
a fishery,
and a recreational area is a strong possibility
if pollutant loadings increase in the future.
However,
further problems
may develop as a result of additional waste inputs.
Wetland areas are
located along approximately 50% of the bay's shoreline. These marshes
are the major food source of waterfowl (79, 80) and are used directly by
other forms of wildlife as food (81).
Wetland areas also purge contaminants
from the nearshore waters to some extent. Increased pollutant loadings
may threaten the ecological stability of these areas.
As has been previously described, Saginaw Bay receives substantial
flushing from Lake Huron during most of the year. While this situation
has largely beneficial effects on Saginaw Bay, the opposite is true for
the rest of the lake, especially the southwest shore. A discussion of
existing effects is presented in Chapter 5, but increased pollutant
loadings may worsen the situation. The problem will become particularly
acute if substantial amounts of phosphorus become available in the open
lake for algal stimulation. This may occur as a result of the flushing
to the lake of algae that have taken up phosphorus in excess of their
metabolic requirements.
Projected loadings of nutrients, suspended solids, and chloride
such as those described in Chapter 3.12 can be used to suggest possible
future water quality in Saginaw Bay.
NUTRIENTS
Future nutrient loads were used as input for the phytoplankton
biomass model in order to simulate the response of the inner bay, assuming
no change in present nutrient control measures. The total 1974 load
(Table 4.2—10) was divided into point and non—point sources as was
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TABLE 4.2-10
1974 NUTRIENT LOADING T0 SAGINAN BAY
 
1974 LOADING IN KILOGRAMSa
 
NUTRIENT
TOTAL LOAD CONTROLLABLE UNCONTROLLABLE
Total Phosphorus 1,270,000 720,000 550,000
Total Nitrogen 14,100,000 8,000,000 6,100,000
Reactive Silicate
(as 5102) 57,300,000 ' - -
   
 
a. These loads differ somewhat from those used in Volume I
and in Chapter 3.3. A different calculation method was used
in each case and the time period is different.
See Reference
(84) for a comparison of different calculation methods.
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 (1)
Future
increases
in
blue—green
crops
depended
only
on
the
increase
in
phosphorus
load
and
were
independent
of
the
increase
in
nitrogen
load.
This
is
because
nitrogen—fixing
blue-greens
became
dominant
when
only
phosphorus
loading
was
increased.
(2)
Diatom
crops
increased
only
when
reactive
silicate loading
was
increased
and
were
practically
independent
of
increases
in
either
phosphorus
or
nitrogen.
This
is
because
reactive
silicate
concentrations
in
1974
in
Saginaw
Bay
reached
limiting
values in the spring.
SUSPENDED SOLIDS
Suspended
solids
loads
to Saginaw Bay
are projected
to
increase
during the next 50 years
(Chapter 3.12).
One of the major deterrents to
the development of water—oriented recreational uses in Saginaw Bay is
the discoloration of water by suspended solids. An increase in suspended
solids would further decrease light penetration in the water column,
thereby adding to the aesthetic deterioration of the bay.
As these
suspended solids settle and accumulate as sediment, they can adversely
affect the benthic community in the bay. Also, dredging operations
would have to be accelerated to keep navigation channels open. This, in
turn, would intensify the problem of dredged spoil disposal.
CHLORIDE
Within the past decade, chloride loading to Saginaw Bay has been
reduced by 50%. However, municipal and industrial inputs of chloride
are estimated, in the absence of further treatment, to increase (Chapter
3.12). Results of the chloride model, which was described previously,
indicate that a 50% increase in loading would result in violations of
the Michigan State standard of 5.0 mg/£ (Figure 4.2—16). Fortunately,
the two primary dischargers of chloride now regulate their chloride
release under permit for the Michigan Water Resources Commission.
ABATEMENT PROGRAMS
A summary of the problems in Saginaw Bay is presented in this sec-
tion. The recently implemented control measures and planned actions to
address these problems are discussed. Finally, further abatement programs
to maintain desirable water quality despite urban and industrial growth
are recommended.
PROBLEM SUMMARY
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oxygen
depletion
in
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embayment
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as
Saginaw
Bay
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often
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a
problem
if
standards
are
met.
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a
s
m
o
r
e
a
t
t
e
n
t
i
o
n
b
e
e
n
f
o
c
u
s
e
d
o
n
c
o
n
t
r
o
l
l
i
n
g
t
h
e
e
n
r
i
c
h
m
e
n
t
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
s
p
e
c
i
f
i
c
a
l
l
y
a
l
g
a
l
b
i
o
m
a
s
s
b
y
r
e
q
u
i
r
i
n
g
r
e
m
o
v
a
l
o
f
p
h
o
s
p
h
o
r
u
s
.
PHOSPHORUS CONTROL
I
n
1
9
7
4
,
a
b
o
u
t
1
,
0
0
0
k
g
/
d
o
f
p
h
o
s
p
h
o
r
u
s
o
r
i
g
i
n
a
t
e
d
f
r
o
m
t
h
e
F
l
i
n
t
M
u
n
i
c
i
p
a
l
S
e
w
a
g
e
T
r
e
a
t
m
e
n
t
P
l
a
n
t
a
n
d
a
b
o
u
t
1
,
1
0
0
k
g
/
d
c
a
m
e
f
r
o
m
a
l
l
o
t
h
e
r
m
u
n
i
c
i
p
a
l
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
(
T
a
b
l
e
3
.
3
—
5
)
.
P
h
o
s
p
h
o
r
u
s
l
o
a
d
i
n
g
o
r
i
g
i
n
a
t
i
n
g
f
r
o
m
i
n
d
u
s
t
r
i
a
l
s
o
u
r
c
e
s
i
n
1
9
7
4
w
a
s
f
o
u
n
d
t
o
b
e
i
n
s
i
g
n
i
f
i
c
a
n
t
w
h
e
n
c
o
m
p
a
r
e
d
w
i
t
h
o
t
h
e
r
s
o
u
r
c
e
s
(
8
3
)
.
T
h
e
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
l
o
a
d
t
o
t
h
e
S
a
g
i
n
a
w
R
i
v
e
r
i
s
c
o
m
p
o
s
e
d
o
f
t
h
e
s
e
p
o
i
n
t
s
o
u
r
c
e
s
p
l
u
s
d
i
f
f
u
s
e
o
r
n
o
n
-
p
o
i
n
t
s
o
u
r
c
e
s
.
H
o
w
e
v
e
r
,
s
o
m
e
o
f
t
h
i
s
p
h
o
s
p
h
o
r
u
s
l
o
a
d
s
e
t
t
l
e
s
o
u
t
b
e
f
o
r
e
r
e
a
c
h
i
n
g
t
h
e
b
a
y
.
T
h
i
s
p
h
o
s
p
h
o
r
u
s
a
s
w
e
l
l
a
s
a
s
s
o
c
i
a
t
e
d
s
e
d
i
m
e
n
t
i
s
p
r
e
s
e
n
t
l
y
d
r
e
d
g
e
d
f
r
o
m
t
h
e
r
i
v
e
r
a
n
d
d
i
s
p
o
s
e
d
o
f
o
n
l
a
n
d
b
y
t
h
e
C
o
r
p
s
o
f
E
n
g
i
n
e
e
r
s
.
I
t
i
s
e
s
t
i
m
a
t
e
d
t
h
a
t
3
8
2
,
0
0
0
k
g
/
a
(
1
0
5
0
k
g
/
d
)
o
f
p
h
o
s
p
h
o
r
u
s
a
r
e
r
e
m
o
v
e
d
i
n
t
h
i
s
m
a
n
n
e
r
(
2
3
)
.
I
f
t
h
i
s
p
r
a
c
t
i
c
e
w
e
r
e
t
o
b
e
d
i
s
c
o
n
t
i
n
u
e
d
,
t
h
i
s
a
d
d
i
t
i
o
n
a
l
p
h
o
s
p
h
o
r
u
s
w
o
u
l
d
b
e
e
v
e
n
t
u
a
l
l
y
w
a
s
h
e
d
i
n
t
o
t
h
e
b
a
y
.
T
h
e
p
r
i
m
a
r
y
e
f
f
o
r
t
t
o
c
o
n
t
r
o
l
p
h
o
s
p
h
o
r
u
s
d
i
s
c
h
a
r
g
e
h
a
s
b
e
e
n
t
o
r
e
-
d
u
c
e
t
h
e
p
h
o
s
p
h
o
r
u
s
c
o
n
t
e
n
t
o
f
l
a
u
n
d
r
y
d
e
t
e
r
g
e
n
t
s
a
n
d
i
m
p
l
e
m
e
n
t
p
h
o
s
p
h
o
r
u
s
t
r
e
a
t
m
e
n
t
a
t
m
u
n
i
c
i
p
a
l
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
.
T
h
e
p
r
e
s
e
n
t
M
i
c
h
i
g
a
n
l
i
m
i
t
f
o
r
p
h
o
s
p
h
o
r
u
s
i
n
l
a
u
n
d
r
y
d
e
t
e
r
g
e
n
t
i
s
8
.
7
%
a
n
d
,
a
s
o
f
J
a
n
u
a
r
y
1
,
1
9
7
7
,
a
l
l
m
u
n
i
c
i
p
a
l
s
e
w
a
g
e
t
r
e
a
t
m
e
n
t
p
l
a
n
t
s
i
n
t
h
e
L
a
k
e
H
u
r
o
n
b
a
s
i
n
w
e
r
e
r
e
q
u
i
r
e
d
t
o
r
e
m
o
v
e
8
0
%
o
f
t
h
e
i
r
i
n
c
o
m
i
n
g
p
h
o
s
p
h
o
r
u
s
l
o
a
d
.
T
o
d
a
t
e
,
o
n
l
y
m
i
n
o
r
p
r
o
g
r
e
s
s
h
a
s
b
e
e
n
m
a
d
e
t
o
w
a
r
d
a
c
h
i
e
v
i
n
g
t
h
i
s
l
a
t
t
e
r
g
o
a
l
;
h
o
w
e
v
e
r
,
m
a
j
o
r
t
r
e
a
t
m
e
n
t
p
r
o
j
e
c
t
s
a
r
e
u
n
d
e
r
w
a
y
.
T
h
e
C
i
t
y
o
f
S
a
g
i
n
a
w
i
s
c
o
m
p
l
e
t
i
n
g
a
1
2
5
,
0
0
0
m
/
d
a
c
t
i
v
a
t
e
d
s
l
u
d
g
e
a
n
d
p
h
o
s
p
h
o
r
u
s
r
e
m
o
v
a
l
a
d
d
i
t
i
o
n
t
o
t
h
e
i
r
e
x
i
s
t
i
n
g
p
r
i
m
a
r
y
p
l
a
n
t
a
n
d
i
s
a
l
s
o
c
o
n
s
t
r
u
c
t
i
n
g
t
w
o
c
o
m
b
i
n
e
d
s
e
w
e
r
o
v
e
r
f
l
o
w
r
e
t
e
n
t
i
o
n
b
a
s
i
n
s
f
g
r
c
o
n
t
r
o
l
o
f
o
v
e
r
f
l
o
w
s
.
T
h
e
C
i
t
y
o
f
F
l
i
n
t
i
s
c
o
n
s
t
r
u
c
t
i
n
g
a
1
9
0
,
0
0
0
m
/
d
a
d
v
a
n
c
e
d
t
r
e
a
t
m
e
n
t
p
l
a
n
t
w
i
t
h
p
h
o
s
p
h
o
r
u
s
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 r
e
m
o
v
a
l
a
n
d
G
e
n
e
s
e
e
C
o
u
n
t
y
i
s
c
o
n
s
t
r
u
c
t
i
n
g
a
c
o
m
p
a
r
a
b
l
e
7
6
,
0
0
0
m
3
/
d
f
a
c
i
l
i
t
y
.
B
o
t
h
w
e
r
e
t
o
h
a
v
e
b
e
e
n
c
o
m
p
l
e
t
e
d
i
n
1
9
7
6
.
B
a
y
C
i
t
y
h
a
s
a
s
e
—
F
o
r
t
h
e
p
u
r
p
o
s
e
o
f
l
o
a
d
r
e
d
u
c
t
i
o
n
s
i
m
u
l
a
t
i
o
n
s
,
t
h
e
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
l
o
a
d
w
a
s
a
g
a
i
n
s
p
l
i
t
i
n
t
o
c
o
n
t
r
o
l
l
a
b
l
e
a
n
d
u
n
c
o
n
t
r
o
l
l
a
b
l
e
p
o
r
t
i
o
n
s
a
s
w
a
s
d
o
n
e
p
r
e
v
i
o
u
s
l
y
(
T
a
b
l
e
4
.
2
—
1
0
)
.
T
h
e
l
o
a
d
r
e
d
u
c
t
i
o
n
s
e
x
p
e
c
t
e
d
f
r
o
m
t
h
e
l
o
a
d
,
w
h
i
l
e
t
h
e
u
n
c
o
n
t
r
o
l
l
a
b
l
e
p
o
r
t
i
o
n
r
e
m
a
i
n
e
d
c
o
n
s
t
a
n
t
a
t
1
9
7
4
v
a
l
u
e
s
.
A
s
a
r
e
s
u
l
t
,
t
h
e
e
x
p
e
c
t
e
d
r
e
d
u
c
t
i
o
n
i
n
c
o
n
t
r
o
l
l
a
b
l
e
p
h
o
s
p
h
o
r
u
s
i
s
8
3
%
o
r
,
i
n
t
e
r
m
s
o
f
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
l
o
a
d
,
4
7
%
.
S
I
M
U
L
A
T
I
O
N
S
O
F
P
H
Y
T
O
P
L
A
N
K
T
O
N
R
E
S
P
O
N
S
E
T
O
P
H
O
S
P
H
O
R
U
S
C
O
N
T
R
O
L
l
o
a
d
r
e
d
u
c
t
i
o
n
s
w
e
r
e
c
o
n
d
u
c
t
e
d
u
s
i
n
g
t
h
e
c
h
l
o
r
o
p
h
y
l
l
a
a
n
d
b
i
o
m
a
s
s
m
o
d
e
l
s
d
e
s
c
r
i
b
e
d
p
r
e
v
i
o
u
s
l
y
.
T
h
e
s
e
p
r
o
j
e
c
t
i
o
n
s
o
f
f
u
t
u
r
e
c
o
n
d
i
t
i
o
n
s
a
r
e
p
r
e
l
i
m
i
n
a
r
y
a
n
d
o
n
l
y
i
n
d
i
c
a
t
e
t
h
e
t
r
e
n
d
s
t
h
a
t
a
r
e
t
o
b
e
e
x
p
e
c
t
e
d
f
r
o
m
a
p
h
o
s
p
h
o
r
u
s
r
e
d
u
c
t
i
o
n
p
r
o
g
r
a
m
.
T
h
e
y
a
r
e
n
o
t
a
p
r
o
j
e
c
t
i
o
n
o
f
a
b
s
o
l
u
t
e
f
u
t
u
r
e
c
o
n
d
i
t
i
o
n
s
.
t
o
n
c
h
l
o
r
o
p
h
y
l
l
(
6
6
)
.
T
h
e
s
a
m
e
p
h
o
s
p
h
o
r
u
s
r
e
d
u
c
t
i
o
n
w
i
l
l
r
e
s
u
l
t
i
n
a
3
4
%
a
n
d
a
3
8
%
r
e
d
u
c
t
i
o
n
i
n
t
h
e
s
p
r
i
n
g
a
n
d
f
a
l
l
p
h
y
t
o
p
l
a
n
k
t
o
n
c
h
l
o
r
o
p
h
y
l
l
p
e
a
k
s
,
r
e
s
p
e
c
t
i
v
e
l
y
.
S
i
m
u
l
a
t
i
o
n
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
g
r
o
u
p
s
,
a
l
t
h
o
u
g
h
m
o
r
e
s
p
e
c
u
l
a
t
i
v
e
,
p
r
o
—
v
i
d
e
s
i
n
s
i
g
h
t
i
n
t
o
t
h
e
g
r
o
w
t
h
o
f
p
h
y
t
o
p
l
a
n
k
t
o
n
f
o
r
m
s
.
T
w
o
p
a
r
a
m
e
t
e
r
s
o
f
c
o
m
p
a
r
i
s
o
n
w
e
r
e
u
s
e
d
f
o
r
t
h
e
r
e
d
u
c
t
i
o
n
s
i
m
u
l
a
t
i
o
n
s
:
p
e
a
k
b
i
o
m
a
s
s
i
n
m
g
d
r
y
w
e
i
g
h
t
/
l
a
n
d
g
r
o
s
s
b
i
o
m
a
s
s
p
r
o
d
u
c
t
i
o
n
o
v
e
r
t
h
e
y
e
a
r
,
a
l
s
o
i
n
m
g
d
r
ywe
i
g
h
t
/
2
.
R
e
s
u
l
t
s
a
r
e
r
e
p
o
r
t
e
d
s
e
p
a
r
a
t
e
l
y
f
o
r
d
i
a
t
o
m
s
a
n
d
b
l
u
e
-
g
r
e
e
n
a
l
g
a
e
b
e
c
a
u
s
e
o
f
t
h
e
i
m
p
o
r
t
a
n
t
d
i
f
f
e
r
e
n
c
e
s
i
n
t
h
e
i
r
w
a
t
e
r
q
u
a
l
i
t
y
C
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.
I
n
a
l
l
c
a
s
e
s
,
b
a
s
e
l
i
n
e
c
o
n
d
i
t
i
o
n
s
r
e
f
e
r
t
o
t
h
e
o
u
t
p
u
t
o
f
t
h
e
b
i
o
m
a
s
s
m
o
d
e
l
c
a
l
i
b
r
a
t
e
d
t
o
t
h
e
1
9
7
4
d
a
t
a
(
3
7
)
.
I
n
c
o
n
t
r
a
s
t
t
o
t
h
e
s
i
m
u
l
a
t
i
o
n
s
f
o
r
f
u
t
u
r
e
l
o
a
d
i
n
c
r
e
a
s
e
s
,
i
t
i
s
p
o
s
s
i
b
l
e
t
o
d
e
f
i
n
e
r
e
a
s
o
n
a
b
l
e
u
p
p
e
r
a
n
d
l
o
w
e
r
l
i
m
i
t
s
f
o
r
f
u
t
u
r
e
b
o
u
n
d
a
r
y
c
o
n
d
i
t
i
o
n
s
i
n
t
h
e
c
a
s
e
o
f
l
o
a
d
r
e
d
u
c
t
i
o
n
s
.
B
e
s
t
c
a
s
e
r
e
d
u
c
t
i
o
n
s
i
m
u
l
a
t
i
o
n
s
r
e
f
e
r
t
o
t
h
o
s
e
g
e
n
e
r
a
t
e
d
f
o
r
t
h
e
m
o
s
t
o
p
t
i
m
i
s
t
i
c
a
s
s
u
m
p
t
i
o
n
a
b
o
u
t
t
h
e
b
o
u
n
d
a
r
y
c
o
n
d
i
t
i
o
n
s
,
w
h
i
l
e
t
h
e
w
o
r
s
t
c
a
s
e
r
e
f
e
r
s
t
o
t
h
e
m
o
s
t
p
e
s
s
i
m
i
s
t
i
c
a
s
s
u
m
p
t
i
o
n
a
b
o
u
t
t
h
e
.
b
o
u
n
d
a
r
y
c
o
n
d
i
t
i
o
n
s
.
T
h
e
a
v
e
r
a
g
e
c
a
s
e
i
s
a
n
a
r
i
t
h
m
e
t
i
c
m
e
a
n
o
f
t
h
e
"
b
e
s
t
"
a
n
d
"
w
o
r
s
t
"
v
a
l
u
e
s
a
n
d
i
s
n
o
t
i
n
t
e
n
d
e
d
t
o
r
e
p
r
e
s
e
n
t
t
h
e
m
o
s
t
l
i
k
e
l
y
r
e
s
p
o
n
s
e
o
f
t
h
e
b
a
y
.
M
o
r
e
i
n
f
o
r
m
a
t
i
o
n
i
s
a
v
a
i
l
a
b
l
e
i
n
t
h
e
p
r
o
j
e
c
t
r
e
p
o
r
t
(
3
7
)
.
T
h
e
r
e
s
u
l
t
s
f
o
r
b
l
u
e
—
g
r
e
e
n
a
l
g
a
e
a
r
e
t
h
e
s
u
m
o
f
t
h
e
b
i
o
m
a
s
s
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
o
r
t
h
e
t
w
o
i
n
d
i
v
i
d
u
a
l
g
r
o
u
p
s
o
f
b
l
u
e
-
g
r
e
e
n
s
i
n
t
h
e
m
o
d
e
l
:
n
i
t
r
o
g
e
n
f
i
x
e
r
s
a
n
d
n
o
n
—
n
i
t
r
o
g
e
n
f
i
x
e
r
s
.
M
o
s
t
o
f
t
h
e
p
h
y
t
o
p
l
a
n
k
t
o
n
b
i
o
m
a
s
s
i
n
S
a
g
i
n
a
w
B
a
y
i
s
r
e
p
r
e
s
e
n
t
e
d
b
y
d
i
a
t
o
m
s
a
n
d
b
l
u
e
—
g
r
e
e
n
s
.
A
r
a
n
g
e
o
f
r
e
d
u
c
t
i
o
n
s
i
s
p
r
e
s
e
n
t
e
d
(
T
a
b
l
e
4
.
2
-
1
1
)
.
S
i
x
t
y
p
e
r
c
e
n
t
r
e
d
u
c
t
i
o
n
c
o
r
r
e
s
p
o
n
d
s
t
o
t
h
e
p
r
e
s
e
n
t
I
J
C
g
o
a
l
f
o
r
L
a
k
e
H
u
r
o
n
.
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TABLE
4.2-1
1
RESU
LTS
OF P
HOSP
HORU
S RE
DUCT
ION
SIMU
LATI
ONS
(37)
Treat
ment
Percent R
eductions
in Peak B
iomass
 
Dia
tom
s
Blu
e-G
ree
ns
Wors
t Ca
se
Best
Case
Aver
age
Wors
t Ca
se
Best
Case
Average
IJC Goal
60% Reduction in
Controlla
ble Phosp
horus
(34% Tota
l Phos—
phorus)
Future IJC Goal
83% Reduc
tion in
Con
tro
lla
ble
Pho
sph
oru
s
(47
% T
ota
l P
hos
pho
rus
)
Hy
po
th
et
ic
al
Go
al
10
0%
Pe
rc
en
t
Re
du
ct
io
n
in
Cont
roll
able
Phos
phor
us
(57
% T
ota
l P
hos
pho
rus
)
0.0
16.0
8.0
16.0
59.0
1.0
18.5
9.8
22.5
68.0
2.5
22.0
12.2
30.0
75.0
37.5
45
.2
52
.5
Treatment
‘
l
Perce
nt Re
ducti
ons
in Gr
oss
Bioma
ss Pr
oduct
ion
Dia
tom
s
Blu
e—G
ree
ns
Wors
t Ca
se
Best
Case
Aver
age
Wors
t Ca
se
Best
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The 83% reduction figure is the future IJC goal, but is also the expected
reduction when all planned treatment plants are on line.
The hypothetical
case of 100% reduction of controllable phosphorus is presented to
illustrate the most that can be accomplished without reduction of non—
point sources.
The principal results that emerge from the simulations are the
following:
(1)
Blue—green algae responded much more quickly than diatoms to
reduced phosphorus loadings under all conditions (Figures 4.2-
17 and 4.2—18).
 
l
1
(2)
Responses of blue—greens on the basis of gross biomass production
1
were slightly, but consistently, greater than the responses of
‘
blue—greens on the basis of peak biomass.
(3)
A 57% reduction in total phosphorus loading (100% reduction in
municipal and industrial phosphorus loading)
resulted in a
|
52.5% average reduction in peak blue—green biomass and a 57%
average reduction in blue—green gross biomass production
I
(Table 4.2—11).
This implies that the size of the blue—green
!
crop is approximately proportional to the external loading of
‘ controllable phosphorus over its present range.
I (4) The same phosphorus reduction as in (3) results in a 12.2%
average reduction in diatom peak biomass and a 14% average
reduction in diatom gross biomass production. This implies
that diatoms do not respond in proportion to the external
loading of controllable phosphorus over its present range.
Since blue—green algae are a serious water quality problem in Saginaw
Bay, phosphorus control measures appear to be the appropriate course of
action for restoration of many of the bay's beneficialuses. In summary,
the implementation of the present phosphorus requirements would result
in 83% removal. This in turn would result in a 33% reduction in average
chlorophyll and 51 and 11% reductions in blue—green and diatom gross
productions, respectively. These reductions are estimated to reduce the
occurrences of taste and odour problems at the Whitestone water intake
from 22% of the time to approximately 1% of the time. The actual occurrence
of such improvements in the water supply is dependent not only on the
assumptions made for the biomass model, but also on the quantitative
relationship between threshold odour number and phytoplankton biomass,
which, at present, is represented as merely a linear correlation.
Further study is needed in this area.
.
M
TOXIC SUBSTANCES
As a result of the NPDES permit program, control measures have been
or will soon be implemented for many metals and organics that are known
to be toxic to human and animal life. Effluent limitations have been
established for wastewater discharges in general and for discharges
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FIGURE 4.2-18 GROSS BIOMASS PRODUCTION VS. PHOSPHORUS REDUCTION FOR INNER BAY (37).
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specific
to
certain
industrial
categories
(32).
Pretreatment
standards
have
been
established
for
industrial
effluents
which
enter
municipal
treatment
plants
which
may
not
be
capable
of
treating
complex
organic
and/or
heavy
metalwastes.
Pesticide
applications
are
becoming
increasingly
regulated.
These
measures
may
not
completely
ameliorate
the
hazardous
materials
problem
in
Saginaw
Bay.
The
following
areas
of
difficulty
serve
to
em-
phasize
the
need
for
further
study
of
the
problem.
The
pathways
by
which
toxic
substances
enter
the
Saginaw
Bay
ecosystem
are
several.
Point
source
discharges
may
not
be
the
major
route
by
which
a
specific
material
enters
the
bay.
Atmospheric
and
non—point
sources
may
be
found
to
be
the
most
significant.
The
list
of
hazardous
materials
is
constantly
changing.
New
chemicals
about
which
little
toxicological
information
exists
are
being
developed
at
an
increasing
rate.
Many
substances
that
have
been
in
use
for
several
years
have
now
been
found
to
have
toxic
effects.
Effluent
regulations
cannot
be
expected
to
apply
to
all
situations
that
may
arise.
The
question
of
how
bioaccumulation
of
toxicants
occurs
is
unanswered.
Therefore,
the
response
of
organisms,
such
as
fish,
to
hazardous
material
reduction
cannot
now
be
simulated.
A
three—year
study
of
hazardous
materials
in
Saginaw
Bay
has
been
undertaken
by
the
Large
Lakes
Research
Station
of
EPA.
Some
of
these
questions
will
be
a
d
d
r
e
s
s
e
d
b
y
t
h
i
s
s
t
u
d
y
.
COLIFORM BACTERIA
As
a
result
of
increasing
concern
about
toxic
substances,
the
practice
of
chlorination
of
sewage
effluents
has
come
under
close
scrutiny.
C
h
l
o
r
i
n
e
m
a
y
s
e
r
ve
o
n
l
y
to
t
e
m
p
o
r
a
r
i
l
y
d
e
p
r
e
s
s
b
a
c
t
e
r
i
a
l
p
o
p
ul
a
t
i
o
n
s
.
C
o
n
d
i
t
i
o
n
s
for
g
r
o
w
t
h
in
the
r
e
c
e
i
vi
n
g
w
a
t
e
r
as
d
e
t
e
r
m
i
n
e
d
by
t
e
m
p
e
r
a
t
u
r
e
and
n
u
t
r
i
e
n
t
a
v
a
i
l
a
b
i
l
i
t
y
m
a
y
a
c
t
u
a
l
l
y
be
the
c
o
n
t
r
o
l
l
i
n
g
factors.
T
h
e
r
e
f
o
r
e
,
r
e
d
u
c
t
i
o
n
s
in
o
r
g
a
n
i
c
m
a
t
t
e
r
as
r
e
q
u
i
r
e
d
by
the
s
e
c
o
n
d
a
r
y
t
r
e
a
t
m
e
n
t
r
e
q
u
i
r
e
m
e
n
t
s
a
n
d
n
u
t
r
i
e
n
t
r
e
m
o
v
a
l
m
a
y
u
l
t
i
m
a
t
e
l
y
c
o
n
t
r
o
l
p
a
t
h
o
g
e
n
p
o
p
u
l
a
t
i
o
n
s
b
e
t
t
e
r
than
e
x
c
e
s
s
i
v
e
c
h
l
o
r
i
n
a
t
i
o
n
.
Also,
the
use
of
the
t
o
t
a
l
c
o
l
i
f
o
r
m
p
a
r
a
m
e
t
e
r
as
an
i
n
d
i
c
a
t
o
r
of
f
e
c
a
l
p
o
l
l
u
t
i
o
n
has
been
questioned
(36).
If
this
parameter
is
replaced
by
a
more
representative
one,
the
assumed
problem
at
public
parks
and
beaches
may
disappear.
DISSOLVED OXYGEN
As
oxygen—demanding
organic
material
is
removed
from
sewage
treatment
p
l
a
n
t
e
f
f
l
u
e
n
t
s
in
r
e
s
p
o
n
s
e
to
the
r
e
q
ui
r
e
m
e
n
t
s
for
s
e
c
o
n
d
a
r
y
t
r
e
a
t
m
e
n
t
,
d
i
s
s
o
l
v
e
d
o
x
y
g
e
n
i
n
t
h
e
b
a
y
s
h
o
u
l
d
r
e
m
a
i
n
h
i
g
h
t
h
r
o
u
g
h
o
u
t
t
h
e
ye
a
r
.
Also,
the
m
a
g
n
i
t
u
d
e
of
the
d
i
ur
n
a
l
f
l
uc
t
ua
t
i
o
n
s
of
d
i
s
s
o
l
v
e
d
o
xyg
e
n
s
h
o
ul
d
be
d
e
c
r
e
a
s
e
d
b
y
c
o
n
t
r
o
l
of
e
xc
e
s
s
i
ve
a
l
g
a
l
growth.
SUSPENDED SOLIDS
Organic
suspended
solids
will
also
be
removed
in
response
to
secondary
treatment
requirements.
In
addition,
sediment
from
non—point
sources
will
be
controlled
in
the
future
by
land
use
regulations.
These
measures
are
expected
to
increase
the
transparency
of
the
bay
water
and
to
decrease
r
t
h
e
n
e
e
d
f
o
r
d
r
e
d
g
i
n
g
.
 CHLORIDE
Ch
lo
ri
de
le
ve
ls
in
th
e
ba
y
ar
e
no
t
a
pr
ob
le
m
at
pr
es
en
t.
Si
nc
e
th
e
al
te
rn
at
iv
e
of
de
ep
we
ll
in
je
ct
io
n
of
br
in
e
wa
st
es
is
ec
on
om
ic
al
ly
fe
as
ib
le
,
th
e
ch
lo
ri
de
lo
ad
in
gs
to
th
e
ba
y
ca
n
be
ke
pt
at
th
e
pr
es
en
t
va
lu
es
.
ADDITIONAL REQUIRED ABATEMENT
In
ge
ne
ra
l,
as
pr
es
en
t
ab
at
em
en
t
fa
ci
li
ti
es
be
co
me
ov
er
lo
ad
ed
du
e
to
ur
ba
n
an
d
in
du
st
ri
al
gr
ow
th
,
ne
w
fa
ci
li
ti
es
mu
st
be
co
ns
tr
uc
te
d.
Ho
we
ve
r,
at
so
me
po
in
t
in
ti
me
,
th
e
su
m
of
re
si
du
al
lo
ad
in
gs
fr
om
tr
ea
tm
en
t
fa
ci
li
ti
es
ma
y
be
co
me
eq
ua
l
to
th
e
or
ig
in
al
lo
ad
be
fo
re
tr
ea
tm
en
t
wa
s
in
st
al
le
d.
Th
is
im
pl
ie
s
th
at
un
de
si
ra
bl
e
wa
te
r
qu
al
it
y
wi
ll
re
tu
rn
in
th
e
fu
tu
re
un
le
ss
fu
rt
he
r
me
as
ur
es
ar
e
ta
ke
n.
Su
ch
me
as
ur
es
in
cl
ud
e
in
—
cr
ea
si
ng
tr
ea
tm
en
t
ef
fi
ci
en
cy
,
re
cy
cl
in
g
wa
st
ew
at
er
,
co
nt
ro
ll
in
g
no
n—
po
in
t
so
ur
ce
s,
an
d
li
mi
ti
ng
ba
si
n
gr
ow
th
an
d
de
ve
lo
pm
en
t.
Re
qu
ir
em
en
ts
fo
r
ab
at
em
en
t
of
th
is
na
tu
re
ar
e
di
sc
us
se
d,
wi
th
em
ph
as
is
on
ph
os
ph
or
us
.
PHOSPHORUS
In
th
e
ca
se
of
ph
os
ph
or
us
,
fu
rt
he
r
ab
at
em
en
t
ma
y
be
re
qu
ir
ed
fo
r
tw
o
re
as
on
s.
Fi
rs
t,
th
e
pr
es
en
t
an
d
fu
tu
re
IJ
C
go
al
s
fo
r
Sa
gi
na
w
Ba
y
ph
os
ph
or
us
lo
ad
re
du
ct
io
n
ar
e
ba
se
d
on
wh
at
ca
n
be
ac
co
mp
li
sh
ed
by
a
1
mg
/Q
ef
fl
ue
nt
li
mi
t
on
al
l
po
in
t
so
ur
ce
s.
If
th
e
go
al
s
ar
e
ev
en
tu
al
ly
ch
an
ge
d
in
or
de
r
to
pr
ot
ec
t
ce
rt
ai
n
wa
te
rs
us
es
(s
uc
h
as
re
qu
ir
in
g
a
li
mi
t
on
bl
ue
—g
re
en
al
ga
l
bi
om
as
s
to
am
el
io
ra
te
wa
te
r
su
pp
ly
pr
ob
le
ms
),
t
h
e
n
p
o
i
n
t
so
ur
ce
co
nt
ro
l
al
on
e
ma
y
be
in
ad
eq
ua
te
.
T
h
e
se
co
nd
re
as
on
co
nc
er
ns
th
e
ef
fe
ct
s
of
ur
b
a
n
an
d
i
n
d
us
t
r
i
a
l
g
r
o
wt
h
on
th
e
p
h
o
s
p
h
o
r
us
lo
ad
.
Th
e
f
o
l
l
o
wi
n
g
e
xa
m
p
l
e
se
rv
es
to
i
l
l
us
t
r
a
t
e
th
e
n
e
e
d
fo
r
a
d
d
i
t
i
o
n
a
l
co
nt
ro
l
m
e
a
s
ur
e
s
ev
en
if
th
e
go
al
s
r
e
m
a
i
n
un
ch
an
ge
d.
A
s
s
u
m
e
t
h
a
t
t
h
e
c
o
n
t
r
o
l
l
a
b
l
e
p
o
r
t
i
o
n
of
th
e
2
0
2
0
t
o
t
a
l
p
h
o
s
p
h
o
r
u
s
l
o
a
d
in
cr
ea
se
s,
du
e
to
gr
ow
th
,
to
a
le
ve
l
th
re
e
ti
me
s
th
at
of
th
e
19
74
c
o
n
t
r
o
l
l
a
b
l
e
l
o
a
d
.
T
h
e
p
e
r
c
e
n
t
r
e
m
o
v
a
l
of
c
o
n
t
r
o
l
l
a
b
l
e
p
h
o
s
p
h
o
r
u
s
r
e
q
u
i
r
e
d
i
n
2
0
2
0
t
o
e
n
s
u
r
e
n
o
d
e
g
r
a
d
a
t
i
o
n
o
f
w
a
t
e
r
q
u
a
l
i
t
y
c
a
n
b
e
c
a
l
c
u
l
a
t
e
d
b
y
t
h
e
equation:
%
R
e
m
o
v
a
l
N
e
e
d
e
d
i
n
2
0
2
0
=
6
7
%
+
(
0
.
3
3
)
(%
R
e
m
o
v
a
l
a
t
P
r
e
s
e
n
t
)
I
f
,
a
s
d
i
s
c
u
s
s
e
d
e
a
r
l
i
e
r
,
8
3
%
r
e
m
o
v
a
l
i
s
a
c
h
i
e
v
e
d
i
n
t
h
e
n
e
a
r
f
u
t
u
r
e
,
t
h
e
n
t
h
e
p
e
r
c
e
n
t
r
e
m
o
v
a
l
i
n
2
0
2
0
r
e
q
u
i
r
e
d
t
o
m
a
i
n
t
a
i
n
w
a
t
e
r
q
u
a
l
i
t
y
is
94%.
A
s
c
a
n
b
e
s
e
e
n
f
r
o
m
t
h
i
s
e
x
a
m
p
l
e
,
t
h
e
r
e
q
u
i
r
e
d
p
e
r
c
e
n
t
r
e
m
o
v
a
l
t
e
n
d
s
t
o
w
a
r
d
1
0
0
%
i
n
t
h
e
f
u
t
u
r
e
.
A
l
s
o
,
t
h
e
u
n
c
o
n
t
r
o
l
l
a
b
l
e
l
o
a
d
w
i
l
l
p
r
o
b
a
b
l
y
n
o
t
r
e
m
a
i
n
c
o
n
s
t
a
n
t
,
b
u
t
w
i
l
l
i
n
c
r
e
a
s
e
s
i
n
c
e
i
t
,
t
o
o
,
i
s
a
f
u
n
c
t
i
o
n
o
f
u
r
b
a
n
a
n
d
i
n
d
u
s
t
r
i
a
l
g
r
o
w
t
h
.
T
h
e
c
o
u
r
s
e
o
f
a
c
t
i
o
n
i
n
d
i
c
a
t
e
d
f
o
r
t
h
e
f
u
t
u
r
e
,
t
h
e
n
,
i
s
r
e
d
u
c
t
i
o
n
o
f
p
h
o
s
p
h
o
r
u
s
l
o
a
d
f
r
o
m
n
o
n
—
p
o
i
n
t
o
r
d
i
f
f
u
s
e
s
o
u
r
c
e
s
.
C
o
n
t
r
o
l
l
i
n
g
t
h
i
s
"
u
n
c
o
n
t
r
o
l
l
a
b
l
e
"
l
o
a
d
w
i
l
l
r
e
q
u
i
r
e
t
e
c
h
n
i
q
u
e
s
q
u
i
t
e
d
i
f
f
e
r
e
n
t
t
h
a
n
t
h
o
s
e
i
n
u
s
e
f
o
r
p
o
i
n
t
s
o
u
r
c
e
s
.
T
h
e
a
b
o
v
e
d
i
s
c
u
s
s
i
o
n
i
s
e
q
u
a
l
l
y
a
p
p
l
i
c
a
b
l
e
t
o
o
t
h
e
r
p
o
l
l
u
t
a
n
t
s
s
u
c
h
a
s
B
O
D
a
n
d
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
.
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 HAZARDOUS MATERIALS
As
pre
vio
usl
y d
isc
uss
ed,
a s
tud
y i
s b
ein
g u
nde
rta
ken
to
ide
nti
fy
sig
nif
ica
nt
sou
rce
s o
f m
eta
ls
and
org
ani
cs
ent
eri
ng
Sag
ina
w B
ay.
Sin
ce
some
sour
ces
may
not
be c
ontr
olla
ble
and
sinc
e co
nven
tion
al t
reat
ment
tech
nolo
gy m
ay n
ot b
e ap
prop
riat
e fo
r lo
ad r
educ
tion
s,
abat
emen
t me
asur
es
for
toxi
c su
bsta
nces
may
invo
lve
elim
inat
ion
or r
epla
ceme
nt o
f th
e
mat
eri
al
in
que
sti
on.
Thi
s i
s e
spe
cia
lly
tru
e f
or
man
y o
f t
he
chl
ori
nat
ed
hydrocarbons presently in use.
COMPLETE RESTORATION OF WATER QUALITY
Due
to
lac
k o
f h
ist
ori
cal
inf
orm
ati
on
a "
pas
tor
al"
des
cri
pti
on
of
Sagi
naw
Bay
has
not
been
give
n.
Requ
irem
ents
for
comp
lete
rest
orat
ion
of t
he b
ay
to t
his
"pas
tora
l" c
ondi
tion
have
not,
ther
efor
e, b
een
esti
mate
d.
It c
an b
e sp
ecul
ated
that
the
Sagi
naw
Bay
area
was
extr
emel
y de
sira
ble
to s
ettl
ers
in t
he 1
9th
cent
ury
and
that
this
was
due,
in p
art,
to t
he
high
prod
ucti
vity
of t
he b
ay.
Diat
oms
were
prob
ably
much
more
domi
nant
and water clarity was probably considerablygreater than it is today.
If quantitative information of this nature is necessary to define future
wate
r qu
alit
y go
als,
then
stud
ies
shou
ld b
e ma
de o
f se
dime
nt
core
s wh
ich
contain historical records. Another possibility is a comparative study
of a
diff
eren
t ba
y in
the
Grea
t La
kes
with
simi
lar
phys
ical
char
acte
rist
ics.
SUMMARY
Saginaw Bay on Lake Huron serves 1.2 million people either directly
or indirectly through its use as a source for water supply, recreation,
commercial fishing, and commercial navigation. It also receives wastewater
generated by municipalities and industries including the Dow Chemical
Company, the Michigan Chemical Company, and the Flint Municipal Sewage
Treatment Plant, the three most important dischargers. Although the bay
is flushed every 60 days by Lake Huron, the chemistry and the biology of
the bay (especially the inner.bay near the mouth of the Saginaw River)
are showing increasing evidence of eutrophication and other problems
normally attributed to human activity. Biological indicators such as
phytoplankton, zooplankton, and benthos all exhibit a shift towards more
pollution-tolerant organisms. Trends in phosphorus and other pollutant
concentrations are upward with the exception of chloride. Toxic organics
are beginning to be problems in the bay. Existing and potential problems
are summarized in the Abatement Programs section of this subchapter.
Mathematical modelling has been used to assess present problems in
the bay and to evaluate possible future solutions to these problems.
The models were used as management tools to address the problems of
enrichment and chloride build-up in the bay. Pollutant load reductions
and/or increases were postulated and the response of biological or
chemical indicators was simulated. Pollution abatement measures on line
or u
nder
cons
truc
tion
appe
ar t
o be
adeq
uate
to m
eet
wate
r qu
alit
y s
tand
ards
or criteria and restore many beneficial uses of Saginaw Bay in the near
future. However, longer term maintenance of these conditions will
require additional treatment and, at some point in time, control of non-
point sources.
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LIMNOLOGY
Existing agency surveillance programs were used in monitoring water
quality in the river (Figure 4.3-2). Water quality parameters analyzed
were: phenol, cyanide, ammonia, nutrients, chlorophyll a, heavy metals,
and bacteriological parameters. Bottom surficial sediments were analyzed
for nutrients, heavy metals, and trace organics. The results of these studies
are presented below; details are given in Reference (4).
PHYSICAL
TEMPERATURE, pH, DISSOLVED OXYGEN, ALKALINITY, AND CONDUCTIVITY
Levels of temperature, alkalinity, pH, and dissolved oxygen in the
St. Marys River did not exhibit significant changes over the period of
record (1967—74). Seasonal variation in temperature exhibited a pattern
similar to that observed in Lake Superior and the North Channel. The
average surface temperature is 5°C in spring and 19°C in summer throughout
the river. Average levels of alkalinity, pH, and dissolved oxygen
saturation were 40 mg CaCO3/£, 7.9, and 92% respectively, throughout the
river and were similar to those observed for waters of Lake Superior.
Conductivity levels downstream from municipal and industrial outfalls
revealed slight increases over background levels of 97 uS/cm. However,
temporal trends for conductivity levels at these locations did not
indicate significant changes.
WATER MOVEMENT AND WASTE DISPERSION
ISO-concentration contours for phenols provided an insight into the
factors influencing the mixing process in the river (Figure 4.3-3).
The contours are deflected towards the Canadian shore due to
irregularity of the shoreline coupled with the lateral force exerted by
the discharge from the Edison Sault hydroelectric power canal, which
amounted to 40% of the total river flow during 1974. As a result,
pollutants follow the channel to the north of Sugar Island via the Lake
George Channel. The above phenomenon was also observed during the previous
years.
The flow around Sugar Island, which varies with the amount of ice
cover, is proportioned in the ratio of 69 i 3% in the Lake Nicolet
Channel and 31 i 3% in the Lake George Channel. The curving flow at the
beginning of the Lake George Channel creates a zone of high velocities
towards the U.S. shore; secondary currents may be induced due to the
variation in the centrifugal force (2). These secondary currents help
increase the transverse mixing process (3). Thus, contaminants hug the
Canadian shore at the beginning of the Lake George Channel and then
disperse laterally and impinge on the U.S. shore farther downstream,
reflecting the occurrence of the transboundary movement in the channel.
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 CHEMISTRY
Previous
studies
(4,5)
indicated
that
phenolic
substances,
ammonia,
cyanide,
and
heavy
metals
were
the
major
contributors
to
water
and
sediment
quality
problems
in
the
river.
In
assessing
the
degree
of
impairment,
the
mean
annual
concentration
for
each
contaminant
was
compared
to
the
applicable
objectives,
standards,
or
criteria
presented
in
Appendix
C.
In
the
event
that
mean
values
were
within
these
guide-
lines,
the
percentage
violation
was
reported.
In
addition,
temporal
trends
for
the
major
chemical
constituents
during
the
period
1970-74
were
examined
to
assess
the
efficiency
of
treatment
system
modification
introduced
by
Algoma
Steel
in
1970.
This
included
a
phenol
recovery
plant
and
a
diffuser
outfall
for
the
terminal
basin.
PHENOLS
Algoma
Steel
Corporation
Ltd.
is
the
major
source
of
phenol
inputs
into
the
river.
During
1974,
200
kg/d
was
discharged
from
the
main
trunk
sewer
of
the
terminal
basin.
The
distribution
of
phenol
levels
along
the
Canadian
and
U.S.
shore
is
illustrated
in
Figure
4.3-4.
Phenols
decreased
from
an
average
level
of
24
ug/l
at
300
m
down—
stream
from
the
main
trunk
sewer to
about
10
ug/K
at
3.2
km
downstream
from
the
outfall.
The
latter
concentration
persisted
in
the
Lake
George
Channel,
and
was
augmented
by
the
discharge
of
the
Sault
Ste.
Marie
STP
which
contains
phenolic wastes
from Domtar
Chemical.
The
latter discharges
23
kg/d
of
phenol
to
the
sanitary
system.
Along
the
U.S.
shore
and
at
the
outlet
of
Lake
George,
the
phenol
level
of
2
ug/l
was
comparable
to
that
at
the
headwaters
of
the
river.
‘Discharges
of
phenol
from
the
St.
Marys
River
to
the
North
Channel
have
no
serious
impact
as
evidenced
by
phenol
levels
of
1 Ug/£
in
the
latter.
Year~to—year
variations
of
phenol
levels
indicated
that
a
decrease
has
occurred between
the periods
1963—69
and
1970-74,
likely due
to
the
introduction of the
phenol
recovery plant
and
the
diffuser
outfall.
A
detailed multiple
comparison
test
among
the
mean
cruise
levels
for
the
latter period
indicated
that
1974
levels
were
significantly
lower
than
those observed during the previous years.
This reduction may be attri-
buted to the change in type of coking coal used in Algoma Steel coke
oven operations.
Levels of phenols, however, were in non-compliance
with the Agreement objective, Ontario criterion and other guidelines
listed in Appendix C.
AMMONIA
Algoma Steel discharged 11,000 kg/d of ammonia through the main
trunk sewer into the river during 1974. Ammonia exhibited a pattern
similar to that of phenols. Average concentration along the Canadian
shore declined from 0.4 mg N/Q near Algoma Steel to 0.2 mg/£ at the
beginning of the Lake George Channel (Figure 4.3—5). Levels in the
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.
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e
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o
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s
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u
n
t
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%
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1
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%
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t
r
e
a
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f
r
o
m
t
h
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d
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i
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p
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r
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v
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e
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n
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e
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i
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f
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p
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c
t
i
v
e
l
y
.
T
h
e
e
l
e
v
a
t
e
d
a
m
m
o
n
i
a
l
e
v
e
l
s
e
x
h
i
b
i
t
e
d
n
o
a
d
v
e
r
s
e
e
f
f
e
c
t
o
n
t
h
e
o
x
y
g
e
n
b
a
l
a
n
c
e
i
n
t
h
e
r
i
ve
r
.
CYANIDE
C
y
a
n
i
d
e
l
o
a
d
i
n
g
s
a
t
t
r
i
b
u
t
a
b
l
e
t
o
A
l
g
o
m
a
S
t
e
e
l
a
m
o
u
n
t
e
d
t
o
2
2
8
0
k
g
/
d
d
u
r
i
n
g
1
9
7
4
.
C
y
a
n
i
d
e
a
v
e
r
a
g
e
d
0
.
2
8
m
g
/
Z
n
e
a
r
t
h
e
C
a
n
a
d
i
a
n
s
h
o
r
e
j
u
s
t
d
o
w
n
s
t
r
e
a
m
f
r
o
m
t
h
e
m
a
i
n
t
r
u
n
k
se
we
r.
L
e
v
e
l
s
d
i
m
i
n
i
s
h
e
d
r
a
p
i
d
l
y
to
a
n
a
v
e
r
a
g
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
0
.
0
6
m
g
/
l
n
e
a
r
t
h
e
C
a
n
a
d
i
a
n
s
h
o
r
e
at
1
k
m
d
o
w
n
s
t
r
e
a
m
f
r
o
m
t
h
e
A
l
g
o
m
a
S
t
e
e
l
o
u
t
f
a
l
l
a
n
d
to
0
.
0
3
m
g
/
l
i
n
t
h
e
L
a
k
e
.
G
e
o
r
g
e
C
h
a
n
n
e
l
(
F
i
g
u
r
e
4
.
3
-
6
)
.
A
l
o
n
g
t
h
e
U
.
S
.
s
h
o
r
e
l
e
v
e
l
s
w
e
r
e
c
o
m
p
a
r
a
b
l
e
w
i
t
h
t
h
o
s
e
a
t
t
h
e
h
e
a
d
w
a
t
e
r
s
o
f
t
h
e
r
i
v
e
r
(
0
.
0
1
m
g
/
l
)
.
I
n
g
e
n
e
r
a
l
,
l
e
v
e
l
s
n
e
a
r
A
l
g
o
m
a
S
t
e
e
l
o
u
t
f
a
l
l
d
u
r
i
n
g
1
9
7
3
—
7
4
w
e
r
e
h
i
g
h
e
r
t
h
a
n
t
h
o
s
e
i
n
t
h
e
p
r
e
v
i
o
u
s
y
e
a
r
s
m
a
i
n
l
y
d
u
e
to
t
h
e
p
r
e
v
a
i
l
i
n
g
l
o
w
f
l
o
w
s
i
n
r
e
c
e
n
t
y
e
a
r
s
.
L
e
v
e
l
s
a
l
o
n
g
t
h
e
C
a
n
a
d
i
a
n
s
h
o
r
e
d
o
n
o
t
v
i
o
l
a
t
e
t
h
e
O
n
t
a
r
i
o
c
r
i
t
e
r
i
o
n
f
o
r
r
a
w
w
a
t
e
r
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
of
a
n
a
r
e
a
e
x
t
e
n
d
i
n
g
to
3
0
0
m
do
wn
st
re
am
fr
om
th
e
Al
go
ma
St
ee
l
ou
tf
al
l.
HEAVY METALS
L
e
v
e
l
s
o
f
b
o
t
h
z
i
n
c
a
n
d
i
r
o
n
w
e
r
e
e
x
a
m
i
n
e
d
a
s
t
h
e
y
a
r
e
c
o
m
m
o
n
c
o
n
s
t
i
t
u
e
n
t
s
i
n
s
t
e
e
l
m
i
l
l
e
f
f
l
u
e
n
t
s
(4
).
F
i
l
t
e
r
e
d
z
i
n
c
r
e
a
c
h
e
d
a
n
a
v
e
r
a
g
e
of
15
u
g
/
l
n
e
a
r
A
l
g
o
m
a
S
t
e
e
l
a
n
d
t
h
e
n
d
e
c
l
i
n
e
d
f
a
r
t
h
e
r
d
o
w
n
—
s
t
r
e
a
m
to
b
a
c
k
g
r
o
u
n
d
l
e
v
e
l
s
o
f
5
ug
/
2
.
N
o
v
a
r
i
a
t
i
o
n
i
n
f
i
l
t
e
r
e
d
z
i
n
c
l
e
v
e
l
s
(
4
—
5
u
g
/
Q
)
w
a
s
o
b
s
e
r
v
e
d
a
l
o
n
g
t
h
e
U
.
S
.
s
h
o
r
e
.
T
o
t
a
l
i
r
o
n
a
l
o
n
g
t
h
e
C
a
n
a
d
i
a
n
s
h
o
r
e
a
p
p
r
o
a
c
h
e
d
t
h
e
W
a
t
e
r
Q
u
a
l
i
t
y
A
g
r
e
e
m
e
n
t
o
b
j
e
c
t
i
v
e
o
f
3
0
0
u
g
/
£
d
o
w
n
s
t
r
e
a
mf
r
o
m
A
l
g
o
m
a
S
t
e
e
l
.
A
v
e
r
a
g
e
l
e
v
e
l
s
o
f
1
3
0
—
2
5
0
U
g
/
%
w
e
r
e
p
r
e
v
a
l
e
n
t
f
a
r
t
h
e
r
d
o
w
n
s
t
r
e
a
m
.
A
l
o
n
g
t
h
e
U
.
S
.
s
i
d
e
o
f
t
h
e
r
i
v
e
r
a
n
d
i
n
L
a
k
e
N
i
c
o
l
e
t
,
l
e
v
e
l
s
o
f
7
0
u
g
/
l
,
c
o
m
p
a
r
a
b
l
e
t
o
t
h
e
b
a
c
k
g
r
o
u
n
d
l
e
v
e
l
s
were detected.
T
h
e
a
p
p
e
a
r
a
n
c
e
o
f
t
h
e
h
i
g
h
h
e
a
v
y
m
e
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
c
o
i
n
c
i
d
e
d
w
i
t
h
p
e
a
k
s
i
n
p
h
e
n
o
l
,
a
m
m
o
n
i
a
,
a
n
d
c
y
a
n
i
d
e
.
W
h
i
l
e
a
l
l
o
f
t
h
e
s
e
s
u
b
s
t
a
n
c
e
s
a
r
e
p
r
e
s
e
n
t
i
n
t
h
e
A
l
g
o
m
a
t
e
r
m
i
n
a
l
b
a
s
i
n
e
f
f
l
u
e
n
t
a
t
l
e
v
e
l
s
k
n
o
w
n
t
o
b
e
t
o
x
i
c
t
o
a
q
u
a
t
i
c
l
i
f
e
,
t
h
e
i
r
s
i
m
u
l
t
a
n
e
o
u
s
p
r
e
s
e
n
c
e
i
n
c
r
e
a
s
e
s
c
o
n
c
e
r
n
278
 
     
X
.04
x
.03
SAULT
STE.
MARIE
Maxim
Maxjos
(ONTARIO)
Min .01
Min .01
-
n 8
n 15
‘
g
.29
.08
i
.06
           
"
"
J
'
’
1
3
;
~
0
/
I
i
.01
/
'
§
\
‘
.
/
M?
"
.0
1
'X‘"‘L°°‘
-/
SAULT
STE. MARIE
a» "
(MICHIGAN)
V
/
i
\
.
\
_/
SUGAR
I
x
.01
ISL
A
Max,o1
ND
LAKE
M.
nIn .01
/
  
o
(
n
2
7
9
     
I
O
1
i
1
O
2M|LES
o
I
o
2
4km
6‘
\
L
—
—
_
r
—
-
:
-
r
t
-
1
\
j
  
FIGURE
4.3-6
-‘
1974
STATISTICAL
SUMMARY
OF
CYANIDE
DISTRIBUTION
mg/SL.
 bec
aus
e o
f s
yne
rgi
sti
c e
ffe
cts
whi
ch
hav
e b
een
sho
wn
to
occ
ur
els
ewh
ere
(6.7)-
Usi
ng
the
met
hod
of
Bro
wn
(8)
for
det
erm
ini
ng
the
eff
ect
of
tox
i-
can
ts,
it
was
fou
nd
(4)
tha
t l
eth
all
y t
oxi
c c
ond
iti
ons
for
aqu
ati
c
orga
nism
s c
ould
exis
t fo
r a
dist
ance
of 0
.1 k
m do
wnst
ream
from
the
Alg
oma
out
fal
l b
ase
d o
n a
ver
age
con
cen
tra
tio
ns
obs
erv
ed
in
the
riv
er
or
up to 3 km based on the maximum levels observed.
TOTAL PHOSPHORUS
Pho
sph
oru
s l
eve
ls
in
the
riv
er
Wer
e g
ene
ral
ly
com
par
abl
e t
o t
he
back
grou
nd
leve
ls
(0.0
11 m
g P/
K).
In z
ones
of h
igh
velo
citi
es,
at t
he
begi
nnin
g of
the
Lake
Geor
ge C
hann
el,
elev
ated
phos
phor
us
leve
ls
(0.0
40
mg/Z
) a
re t
houg
ht t
o be
a re
sult
of s
uspe
nded
sedi
ment
s.
1974
leve
ls
down
stre
am f
rom
the
STP
were
high
er
than
thos
e du
ring
1973
.
Fart
her
downstream, phosphorus declined to background levels. No increase in
phyt
opla
nkto
n bi
omas
s oc
curs
as r
efle
cted
by c
hlor
ophy
ll a
leve
ls a
t th
e
river mouth (1.0 ug/Q) which were similar to those at the headwaters.
Because of the shallow nature of Lake George and low velocities,
precipitation of silt may be accelerated. Thus, enriched status of the
lake is natural in origin and probably is not significantly affected by
upstream waste inputs. Phosphorus levels at the outlet of Lake George
and at Lake Nicolet were 0.011 and 0.007 mg/l respectively.
SEDIMENTS
Distribution of contaminants in sediments in the St. Marys River is
illustrated elsewhere (4). The predominant surficial sediments in the
river are composed of sand with admixtures of silt and clay. Sediment
impairment has been detected near the Canadian shore downstream from the
Algoma Steel and Abitibi outfalls and the sewage treatment plant. Most
pollutants were found to follow the Canadian shore through the Lake
George Channel. No serious contamination of sediments was recorded near
the U.S. shore. In assessing the significance of contaminants in sediments,
reference was made to dredge spoil classification presented in Appendix
C.
Iron in sediments along the Canadian shore just downstream from the
Algoma Steel outfall exhibited an average level of 35% on dry weight
basis and then declined farther downstream to 3.5% at the beginning of
Little Lake George. These levels exceeded those observed in sediments
of the headwater of the river (1.6%) and the U.S. Environmental Protection
Agency (EPA) dredging guideline (>2.5%) for heavily polluted areas.
Zinc levels ranged from 60 to 200 mg/kg for a distance of 2 km downstream
from the Algoma outfall and were within the EPA moderately polluted
guidelines (90-200 mg/kg). The Algoma slip and embayments at the
beginning of the Lake George Channel were heavily polluted as zinc
levels averaged 375 mg/kg with a maximum of 500 mg/kg, well above the
EPA guideline (>200 mg/kg).
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Tran
sbou
ndar
y mo
veme
nt o
f ir
on a
nd z
inc
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Background levels reappeared in Lake George and Lake Nicolet.
Cyanide for most parts of the river sediments was less than 0.25
mg/kg, comparable to the background levels. Accumulation was detected
only in a band along the Canadian shore for a distance of 3 km from the
Algoma Steel trunk sewer to the beginning of the Lake George Channel.
Levels in this zone declined from 12 to 5 mg/kg, and were in excess of
the EPA guidelines (>0.25 mg/kg) for highly polluted areas.
High phenol levels in sediments (13 mg/kg) were observed for a
distance of 5 km downstream from the Algoma Steel outfall. After
recovering to the background, 3 mg/kg, the phenol concentrations rose
again to 6 mg/kg downstream from the STP and persisted until the entrance
to Lake George. NO criterion for phenols in sediments is available.
Total phosphorus levels in sediment were generally low and within
the
Onta
rio
guid
elin
e of
1,00
0 mg
/kg.
Kjel
dahl
nitr
ogen
in r
iver
sed
ime
nts
exh
ibi
ted
Vio
lat
ion
of
the
Ont
ari
o g
uid
eli
ne
of
2,0
00
mg/
kg
in
the
Lak
e G
eor
ge
Cha
nne
l o
nly.
Lev
els
in
thi
s a
rea
ran
ged
fro
m 1
200
to
7200 mg/kg.
Lev
els
of
eth
er
sol
ubl
e c
omp
oun
ds
in
sed
ime
nts
alo
ng
the
Can
adi
an
sho
re
exc
eed
ed
the
Ont
ari
o g
uid
eli
ne
1,5
00
mg/
kg,
and
the
bac
kgr
oun
d
lev
els
of
600
mg/
kg.
Lev
els
of
the
se
com
pou
nds
dec
rea
sed
fro
m 1
1,0
00
mg/
kg
dow
nst
rea
m f
rom
Alg
oma
Ste
el
to
3,0
00
mg/
kg
in
Lak
e G
eor
ge
Cha
nne
l.
No
evi
den
ce
of
con
tam
ina
tio
n b
y O
il
was
fou
nd
in
Lak
e N
ico
let
and
Lak
e
George.
In
gen
era
l,
sed
ime
nts
dre
dge
d
alo
ng
the
Can
adi
an
sho
re
of
the
riv
er
wou
ld
not
be
acc
ept
abl
e
for
ope
n w
ate
r
dis
pos
al.
The
maj
or
dre
dgi
ng
op
er
at
io
n
in
th
e
ri
ve
r,
ho
we
ve
r,
ta
ke
s
pl
ac
e
al
on
g
th
e
U.S
.
sh
or
e
in
co
nj
un
ct
io
n
wi
th
ma
in
te
na
nc
e
Of
th
e
na
vi
ga
ti
on
al
ch
an
ne
l
(9)
.
Se
di
me
nt
s
in
thi
s
are
a
are
not
fou
nd
to
be
pol
lut
ed
in
exc
ess
of
the
EPA
dre
dgi
ng
guidelines.
AQUATIC BIOLOGY
MICROBIOLOGY
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Seasonal variations in levels of bacterial parameters during 1974
are illustrated in Figures 4.3—7 and 4.3-8 (Spring-May and June; Summer—
July and August; Fall-September and October). Peaks in total coliform,
fecal coliform, and fecal streptococci levels were noticed along the
Canadian shore, in the immediate vicinity of overflow sewers, and downstre
from the STP outfall in Lake George Channel.
Levels declined farther downstream in the Lake George Channel,
except heterotrophic bacterial counts which were at elevated levels near
Little Lake George, reflecting the abundance of decomposing organic
matter. Transboundary movement from Ontario sources was evident in Lake
George Channel where counts of heterotrophic bacteria were similar
across the width of the channel.
The fecal coliform to fecal streptococci ratio near the urban areas
of Sault Ste. Marie, Michigan and Ontario during the summer was
<0.7 indicating storm water sources of contamination (10). Farther
downstream, and in Lake George Channel, the ratio changed to values
>4 indicating sewage contamination. Along the U.S. shore and in Lake
Nicolet Channel levels of all bacterial parameters were within the
Agreement objectives confirming insignificant waste inputs from the U.S.
shore and the confinement of waste discharges from the Canadian shore to
the north side of Sugar Island.
Pseudomonas aeruginosa counts in the river during 1974 indicated a
possible health hazard along the City of Sault Ste. Marie, Ontario,
waterfront. This pathogen is often the cause of upper respiratory
infections in swimmers. Sewage and storm drainage represent the major
inputs of P. aeruginosa appearing in surface waters. Hoadley (11)
indicated that populations of 1—10 P. aeruginosa organisms/100 ml may
be expected in streams with low, but definite levels of contamination.
Levels of P. aeruginosa (20—30 organisms/100 m£) exceeded the above
levels and the background levels (4 organisms/100 mﬂ) in the vicinity of
storm and overflow sewers of Sault Ste. Marie, Ontario.
Levels declined farther downstream but reached another peak (15
organisms/100 mi) in the Lake George Channel downstream from the sewage
treatment plants.
PHYTOPLANKTON
The structure of the phytoplankton community in the St. Marys River
has been studied by the Ministry of the Environment (MOE) during the
period 1965-74. Phytoplankton samples were collected on a bimonthly
basis from the water works intake of the City of Sault Ste. Marie,
Ontario and nearby Gros Cap in Whitefish Bay (12). The distribution
pattern of phytoplankton in these locations is illustrated in Volume
III, Chapter 4. Phytoplankton biomass has been expressed as areal
standard units per m£ (a.s.u./m£).
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FIGURE
4.3-8
: DISTRIBUTION
OF
FECAL
COLIFORM
AND
FECAL
STREPTOCOCCI
IN THE ST.
MARYS RIVER
Low a.s.u. averages characterized the yearly phytoplankton stocks.
Year-to—year variations are minimal. Long-term averages for the St.
Marys River and Gros Cap sites are similar (109 a.s.u./ml and 114 a.s.u./m1,
respectively). By comparison with Lake Superior waters, two to three
fold differences were noted between the 1974 annual mean for Bare Point
at Thunder Bay (178 a.s.u./mﬁ) and corresponding means for the St. Marys
River (65 a.s.u./mﬁ) and Gros Cap (95 a.s.u./m£) locations.
A classical bimodal pattern of plankton development wasobserved at
Gros Cap. This pattern was less consistent in the St. Marys River but
was never entirely disrupted, supporting the concept of the relatively
unenriched nature of this body of water.
Genera of the class Bacillariophyceae dominate the flora; however,
representatives of the Chrysophyceae and Myxophyceae materialized during
the late summer and/or fall months. Generally, oligotrophic plankton
types characterized the flora with the diatoms beeZZaria fenestrata
(Lyngb.) Kutz., Asterionella formosa Hass., Rhizosolenia eriensis H.L.
Smith, Fragilaria crotonensis Kitton, Ceratoneis spp., and cyclotella
spp. dominating. Additionally, the bluevgreens Aphanothece spp. and
Chroococcus spp. and the chrysophyte Dinobryon spp. contributed sub—
stantially to the flora during the late summer and early fall months.
The generic composition of algal populations was consistent from
year-to—year and between stations. The persisting dominance of Iubellaria
fénestrata suggests that the nutritional characteristics in the St.
Marys River fall within the oligotrophic range.
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 No impairment was noted in the Lake Nicolet channel owing to the
fact that the major transport of pollutants takes place along the north
side of Sugar Island through Lake George Channel.
ZOOPLANKTON
The composition and relative proportions of the major zooplankton
species were similar at a location immediately below the Great Lakes
Power plant on the Canadian side of the river (13) to those observed in
eastern Lake Superior. The average density of total crustacean and mean
organic weight were 4,600 organisms/m3 and 19 mg/m3, respectively.
The seasonal pattern of abundance and biomass did not closely
correspond because average size of the animals changed greatly during
the season. For example, total biomass in January and July of 1972 were
nearly equal (18 mg/m , whereas abundance of animals in July (16,000
organisms/m3) was 5.5 times that of January (3,000 organisms/m3).
METALS AND ORGANIC CONTAMINATION IN FISH
Heavy metals, pesticides, and PCB's were analyzed in the edible
flesh of fish collected from Lake George (14). Residue levels of these
contaminants in sport or commercial fish species were lower than those
observed in fish of the same species, i.e. white sucker, northern pike,
and yellow perch from Lake Huron. Levels in fish from Lake George could
not be compared with those in fish from Lake Superior since species
collected from the latter basin were different. Cause-and-effect
relationships cannot be established due to the lack of information on
mobility of fish in the St. Marys River.
Heavy metals in fish flesh from Lake George exhibited low levels
and were in compliance with recommended limits of the Canadian Federal
Food and Drug Directorate. Levels of PCB's and pesticide residues in
fish flesh were low, but the ratio of contamination between white
sucker and the predator species, northern pike, was 2:1. The above
pattern was likely due to the difference in oil content between these
species. The oil content of white suckers was five times that of the
northern pike.
SUMMARY OF EXISTING AND DEVELOPING PROBLEMS
EXISTING PROBLEMS
The major instances where existing water quality interferes with or
is likely to interfere with beneficial water use in the St. Marys River
are summarized below.
BACTERIAL CONTAMINATION
Bacterial counts along the Sault Ste. Marie, Ontario waterfront and
for a short distance downstream of the sewage treatment plant have been
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 found to exceed Agreement objectives and Ontario recreational use criteria.
This contamination which results from sewer overflows and inadequate
effluent disinfection at the STP has forced the closure of this section
of shoreline to swimming.
ORGANIC CONTAMINANTS
The concentration of phenolic substances below the Algoma Steel
Corporation main outfall exceeded the Agreement objectives and Ontario
criterion over an 11 km stretch of shoreline and extending to Little
Lake George. Transboundary movement was evident in the Lake George
Channel where phenol levels exceeding the objective were found in U.S.
waters. There have been no confirmed reports of fish tainting or taste
and odour problemsin water supplies.
INORGANIC CONTAMINANTS
Cyanide levels downstream of the Algoma Steel Corporation main
outfall exceeded the Ontario permissible criterion for public water
supply in 1974 for a distance of about 0.8 km; however, no existing
supplies are threatened.
SEDIMENT CONTAMINATION
Phenolic substances, oil, cyanide, iron, and zinc were found in
concentrations exceeding guidelines (EPA and/or Ontario) for dredged
spoil disposal (Appendix C) for distances of 11, 3, 4, 11, and 11
kilometres, respectively, below the main Algoma Steel Corporation
outfall. Contamination in excess of the guidelines did not extend
across the international boundary and the contaminated areas are not
generally subject to maintenance dredging. Disruption of the benthic
macroinvertebrate community was, however, observed in the Algoma Steel
Corporation's and downstream of the main outfall for a distance of about
3 km and extending to a maximum of 300 m from the Canadian shore. The
Lake Nicolet Channel, which is dredged at intervals of one to five
years, has been found to be free of abnormal contamination.
DEVELOPING PROBLEMS
An expected steady growth in population and industrial development
along the St. Marys River will place demands on the river requiring
pollution control measures exceeding those required to solve existing
problems.
The cities of Sault Ste. Marie, Ontario and Sault Ste. Marie,
Michigan have been growing at an approximate annual rate of 3 to 4% over
the past 15 to 20 years (Chapter 1). Officials of the Ontario Sault are
presently studying improvements to the sewerage collection system and
expansion of the sewage treatment facilities to correct existing problems
of bacterial contamination and provide for urban growth. Similarly, the
Michigan Sault is investigating treatment needs to meet U.S. federal
requirements.
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TABLE
14 . 3-1
ABATEMENT
PROGRAMS
WASTE SOURCES
EXISTING TREATMENT
EXISTING
PROBLEMS
ABATEMENT PROGRAMS
FURTHER
REQUIREMENTS
INDUSTRIAL
 
Algoma Steel Corp Ltd.
Abitibi Paper Co. Ltd.
Domtar Chemical Ltd.
No
treatment
presently
available
for
coke
oven
byproduct
plant
effluent
discharge
via
terminal
settling
basins.
Screening
Storage tank
condensates
treated in oil separator
Elevated
levels
of phenol,
cyanide,
sulphide,
and
ammonia;
potential toxicity
towards aquatic life in
the river.
Suspended solids
Phenol - average
daily
flow
during
Sept.
1975,
was
41 m3/
d at a concentration of
393 mg/l
Company
under
Ministerial
order to install facilities
for:
i.
removal
of
naphthalene,
suspended solids;
ii. reduction of cyanide,
phenol,
ammonia
and
sulphide to 0.047 mg/Z,
0.058 mg/l, 0.35 mg/R and
0.075 mg/R, respectively,
by
the
end
of
1976.
Construction
of
flotation
units
completed
July
1976.
Wastes
discharged
to
sanitary
sewer
system
In
order
to
protect
downstream
uses and to alleviate
the effect
of
combined
amount
of
toxicants
reduction
of
iron
and
zinc
in
the
effluent
should
be
implemented.
Reduction
of
phenol
levels
in
oil
separator
effluent
required
before
discharging
to
sanitary
system.
 
MUNICIPAL
Water Pollution Control
Plant - Sault Ste. Marie,
Ontario
Water Pollution Control
Plant -
Sault
Ste.
Marie,
Michigan
Primary
and
chlorination
(mainly
separate
sanitary
system)(0.6 m3/s)
Primary
and
chlorination
(combined
sanitary
system)
Elevated
levels of
ammonia,
phenol,
and bacterial para—
meters.
Potential
formation
of
organochlorine
compounds.
Plant
is
hydraulically
over—
loaded
during
runoff
periods.
Expansion
completed
in
June
1974 by
constructing
two
clarifiers.
MOE
developing
terms
of
refer—
ence
for
plant
expansion.
City
of
Sault
Ste.
Marie,
Michigan
carrying
out
a
study
to develop
most
effective
treatment
to
meet
U.S.
federal
requirements.
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n
d
e
d
t
o
r
e
d
u
c
e
l
o
a
d
i
n
g
o
f
p
h
e
n
o
l
i
c
s
u
b
s
t
a
n
c
e
s
,
c
y
a
n
i
d
e
,
a
n
d
f
r
e
e
a
m
m
o
n
i
a
b
y
9
2
,
9
9
,
a
n
d
9
9
%
r
e
s
p
e
c
t
i
v
e
l
y
t
o
l
7
,
l
4
,
a
n
d
1
0
0
k
g
/
d
.
O
i
l
s
p
i
l
l
s
p
r
e
s
e
n
t
a
c
o
n
t
i
n
u
i
n
g
t
h
r
e
a
t
t
o
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
S
t
.
M
a
r
y
s
R
i
v
e
r
.
I
n
1
9
7
3
a
n
d
1
9
7
4
,
l
o
s
s
e
s
f
r
o
m
A
l
g
o
m
a
S
t
e
e
l
C
o
r
p
o
r
a
t
i
o
n
a
c
c
o
u
n
t
e
d
f
o
r
m
o
r
e
t
h
a
n
h
a
l
f
t
h
e
o
b
s
e
r
v
e
d
s
p
i
l
l
s
w
i
t
h
b
i
l
g
e
w
a
t
e
r
d
i
s
c
h
a
r
g
e
s
a
c
c
o
u
n
t
i
n
g
f
o
r
a
m
a
j
o
r
p
o
r
t
i
o
n
o
f
t
h
e
r
e
m
a
i
n
d
e
r
.
T
h
e
P
r
o
v
i
n
c
e
o
f
O
n
t
a
r
i
o
h
a
s
a
n
o
n
g
o
i
n
g
c
o
n
t
i
n
g
e
n
c
y
p
l
a
n
f
o
r
s
p
i
l
l
s
o
f
o
i
l
a
n
d
o
t
h
e
r
h
a
z
a
r
d
o
u
s
m
a
t
e
r
i
a
l
s(
1
5
)
.
T
h
i
s
p
l
a
n
,
w
h
i
c
h
i
s
d
e
s
i
g
n
e
d
t
o
d
e
a
l
w
i
t
h
m
a
j
o
r
p
o
l
l
u
t
i
o
n
a
l
s
p
i
l
l
s
,
s
u
p
p
l
e
m
e
n
t
s
t
h
e
j
o
i
n
t
C
a
n
a
d
a
—
U
.
S
.
M
a
r
i
n
e
P
o
l
l
u
t
i
o
n
C
o
n
t
i
n
g
e
n
c
y
P
l
a
n
a
n
d
t
h
e
C
a
n
a
d
i
a
n
I
n
t
e
r
i
m
F
e
d
e
r
a
l
C
o
n
t
i
n
g
e
n
c
y
P
l
a
n
.
F
u
r
t
h
e
r
d
e
t
a
i
l
s
o
n
s
p
i
l
l
s
a
n
d
v
e
s
s
e
l
w
a
s
t
e
d
i
s
c
h
a
r
g
e
s
a
r
e
g
i
v
e
n
in Chapters 3.
T
a
b
l
e
4
.
3
—
1
o
u
t
l
i
n
e
s
m
u
n
i
c
i
p
a
l
a
n
d
i
n
d
u
s
t
r
i
a
l
a
b
a
t
e
m
e
n
t
p
r
o
g
r
a
m
s
p
r
e
s
e
n
t
l
y
u
n
d
e
r
w
a
y
,
a
s
w
e
l
l
a
s
f
u
t
u
r
e
r
e
q
u
i
r
e
m
e
n
t
s
n
e
e
d
e
d
t
o
r
e
s
t
o
r
e
a
n
d
p
r
o
t
e
c
t
w
a
t
e
r
q
u
a
l
i
t
y
i
n
t
h
e
S
t
.
M
a
r
y
s
R
i
v
e
r
.
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 A
Q
N
I
I
H
S
I
I
I
I
I
I
I
-
I
I
H
S
I
I
I
I
I
I
I
[
X
I
I
I
I
M
N
I
INTRODUCTION
T
h
e
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
m
a
s
s
e
x
c
h
a
n
g
e
f
r
o
m
t
h
e
n
e
a
r
s
h
o
r
e
w
a
t
e
r
s
t
o
t
h
e
o
p
e
n
l
a
k
e
i
s
a
n
i
m
p
o
r
t
a
n
t
t
o
o
l
f
o
r
w
a
t
e
r
q
u
a
l
i
t
y
m
a
n
a
g
e
m
e
n
t
.
I
m
p
r
o
v
e
m
e
n
t
o
f
t
h
i
s
u
n
d
e
r
s
t
a
n
d
i
n
g
a
l
l
o
w
s
a
b
e
t
t
e
r
d
e
f
i
n
i
t
i
o
n
o
f
t
h
e
a
s
s
i
m
i
l
a
t
i
v
e
c
a
p
a
c
i
t
y
o
f
c
o
a
s
t
a
l
w
a
t
e
r
s
a
n
d
t
h
u
s
s
e
r
v
e
s
t
o
p
r
o
t
e
c
t
w
a
t
e
r
u
s
e
a
n
d
t
o
b
e
t
t
e
r
d
e
f
i
n
e
n
e
e
d
e
d
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
.
F
o
r
t
h
e
p
u
r
p
o
s
e
o
f
t
h
i
s
d
i
s
c
u
s
s
i
o
n
,
t
h
e
n
e
a
r
s
h
o
r
e
r
e
g
i
o
n
i
s
d
e
f
i
n
e
d
a
s
t
h
a
t
p
a
r
t
o
f
t
h
e
l
a
k
e
w
h
e
r
e
w
a
t
e
r
q
u
a
l
i
t
y
i
s
c
h
a
n
g
e
d
d
u
e
t
o
m
a
t
e
r
i
a
l
i
n
p
u
t
s
c
o
m
p
a
r
e
d
t
o
t
h
e
o
p
e
n
l
a
k
e
q
u
a
l
i
t
y
.
M
E
T
H
O
D
S
F
O
R
E
S
T
I
M
A
T
I
N
G
M
A
S
S
E
X
C
H
A
N
G
E
T
h
e
m
a
s
s
e
x
c
h
a
n
g
e
i
s
t
h
e
t
r
a
n
s
p
o
r
t
o
f
m
a
t
e
r
i
a
l
f
r
o
m
o
n
e
s
p
a
t
i
a
l
l
o
c
a
t
i
o
n
t
o
a
n
o
t
h
e
r
.
T
h
i
s
t
r
a
n
s
p
o
r
t
i
s
a
f
f
e
c
t
e
d
b
y
w
i
n
d
s
,
t
r
i
b
u
t
a
r
y
f
l
o
w
s
,
s
t
r
a
t
i
f
i
c
a
-
t
i
o
n
,
s
u
r
f
a
c
e
e
l
e
v
a
t
i
o
n
d
i
f
f
e
r
e
n
c
e
s
,
s
h
o
r
e
l
i
n
e
g
e
o
m
e
t
r
y
,
b
o
t
t
o
m
t
o
p
o
g
r
a
p
h
y
,
a
n
d
l
a
k
e
a
s
s
i
m
i
l
a
t
i
v
e
(
b
i
o
l
o
g
i
c
a
l
,
c
h
e
m
i
c
a
l
,
p
h
y
s
i
c
a
l
)
r
e
a
c
t
i
o
n
s
t
o
n
a
m
e
t
h
e
m
o
r
e
i
m
p
o
r
t
a
n
t
o
n
e
s
.
T
h
e
m
o
s
t
p
r
i
m
i
t
i
v
e
p
r
e
d
i
c
t
i
o
n
o
f
m
a
s
s
e
x
c
h
a
n
g
e
is
a
s
t
a
t
i
s
t
i
c
a
l
a
p
p
r
o
a
c
h
.
In
t
h
i
s
m
e
t
h
o
d
,
o
n
e
c
o
m
p
a
r
e
s
w
a
t
e
r
q
u
a
l
i
t
y
at
v
a
r
i
o
u
s
t
i
m
e
s
a
n
d
/
o
r
l
o
c
a
t
i
o
n
s
a
n
d
m
a
k
e
s
s
t
a
t
i
s
t
i
c
a
l
i
n
f
e
r
e
n
c
e
s
.
In
its
s
i
m
p
l
e
s
t
f
o
r
m
it
can
be
used
for
i
n
d
i
c
a
t
i
n
g
differences;
however,
it
is
p
o
s
s
i
b
l
e
to
evolve
a
p
r
e
d
i
c
t
i
v
e
c
a
p
a
b
i
l
i
t
y
by
a
p
p
l
yi
n
g
techniques
like
m
ul
t
i
va
r
i
a
t
e
(1)
or
factor
a
n
a
l
ys
i
s
(2)
or
a
s
p
e
c
t
r
a
l
m
e
t
h
o
d
like
the
Box
and
Jenkins
(3)
technique.
The
e
f
f
i
c
i
e
n
c
y
o
f
these
m
e
t
h
o
d
s
depends
on
the
c
o
m
p
l
e
t
e
n
e
s
s
of
the
input
d
a
t
a
and
intelligent
manipulation
of
these
data.
T
h
e
n
e
xt
l
e
ve
l
in
the
p
r
e
d
i
c
t
i
o
n
h
i
e
r
a
r
c
h
y
consists
of
m
o
d
e
l
s
wh
i
c
h
are
quasi-deterministic.
In
these
methods,
forms
of
the
operative
rate
equations
are
solved
by
Obtaining
a
solution
which
matches
survey
field
data.
Typically,
these
are
box
or
element
type
models
(4-6)
which
meet
boundary
conditions.
Sharing
this
level
in
the
hierarchy,
it
is
possible
to
include
selective
systems
or
process
models
such
as
trophic
state
models
which
are
based
on
5
total
phosphorus
loadings,
chlorophyll
a
(7-9)
and/or
secchi
disc
(10),
and
dissolved
oxygen
budget
(11-13)
analysis
(Chapter
6.1).
In
some
instances
these
selective
systems
or
process
models
may
be
the
highest
level
in
the
model
predictions
provided
the
major
water
quality
problem
is
identified.
These
methods
are
problem
specific
and
limited
as
a
general
water
management
instrument.
The
ultimate
level
in
prediction
is
the
solution
of
the
determi-
nistic
equations
for
water
chemistry
(14)
and
phytoplankton
(15,16).
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 s
u
c
c
e
s
s
i
n
e
s
t
u
a
r
i
e
s
a
n
d
l
a
k
e
s
h
o
r
e
r
e
g
i
o
n
s
t
o
d
e
t
e
r
m
i
n
e
m
a
s
s
e
x
c
h
a
n
g
e
a
n
d
c
o
u
l
d
b
e
u
s
e
d
t
o
e
s
t
i
m
a
t
e
t
h
e
n
e
a
r
s
h
o
r
e
-
o
f
f
s
h
o
r
e
e
x
c
h
a
n
g
e
m
e
c
h
a
n
i
s
m
s
.
T
h
e
i
m
p
o
r
t
a
n
c
e
o
f
e
s
t
i
m
a
t
i
n
g
t
h
e
e
x
c
h
a
n
g
e
m
e
r
i
t
s
t
h
e
t
r
i
a
l
a
p
p
l
i
c
a
t
i
o
n
o
f
m
a
n
y
m
o
r
e
e
s
t
a
b
l
i
s
h
e
d
p
r
o
c
e
d
u
r
e
s
b
y
s
c
i
e
n
t
i
s
t
s
.
T
h
e
S
a
g
i
n
a
w
B
a
y
s
t
u
d
y
i
s
o
n
e
o
f
3
t
h
e
f
e
w
s
t
u
d
i
e
s
w
h
e
r
e
m
o
r
e
t
h
a
n
o
n
e
m
e
t
h
o
d
w
a
s
a
p
p
l
i
e
d
a
n
d
t
h
e
r
e
s
u
l
t
s
c
o
m
p
a
r
e
d
.
a
w
B
a
y
s
e
c
t
i
o
n
o
f
t
h
i
s
v
o
l
u
m
e
(
C
h
a
p
t
e
r
M
o
r
e
d
e
t
a
i
l
s
c
a
n
b
e
f
o
u
n
d
i
n
t
h
e
S
a
g
i
n
(
C
h
a
p
t
e
r
4
.
2
,
V
o
l
u
m
e
I
I
I
)
.
:1.
‘v
4.
2)
an
d
al
so
th
e
Th
un
de
r
Ba
y
se
ct
io
n
CONCLUSION
5 ‘i
I“
x l
‘ 1.2.
H:
t
H'
F
o
r
m
s
o
f
p
r
e
d
i
c
t
i
v
e
m
o
d
e
l
s
a
t
a
l
l
l
e
v
e
l
s
h
a
v
e
b
e
e
n
e
m
p
l
o
y
e
d
w
i
t
h
s
o
m
e
i
t
y
A
t
p
r
e
s
e
n
t
,
w
i
t
h
e
x
i
s
t
i
n
g
d
a
t
a
,
i
t
i
s
o
n
l
y
p
o
s
s
i
b
l
e
t
o
q
u
a
n
t
i
f
y
t
h
e
m
a
s
s
I
an
e
x
c
h
a
n
g
e
s
f
o
r
s
o
m
e
p
a
r
t
i
c
u
l
a
r
c
o
a
s
t
a
l
r
e
g
i
o
n
s
a
n
d
t
h
e
S
e
e
s
t
i
m
a
t
e
s
a
r
e
c
r
u
d
e
,
v‘
i.
.
a
.
.
‘
"
1
n
t
h
e
2
5
t
o
S
O
A
a
c
c
u
r
a
c
y
r
a
n
g
e
.
Q
u
a
n
t
l
f
y
i
n
g
m
a
s
s
e
x
c
h
a
n
g
e
s
b
e
t
w
e
e
n
t
h
e
|
l
1
I
Z
n
e
a
r
s
h
o
r
e
a
n
d
o
f
f
s
h
o
r
e
r
e
g
i
o
n
s
r
e
q
u
i
r
e
s
d
e
t
a
i
l
e
d
u
n
d
e
r
s
t
a
n
d
i
n
g
o
f
t
h
e
c
o
m
p
l
e
x
r
a
c
t
e
r
i
s
t
i
c
s
.
R
e
s
e
a
r
c
h
i
s
n
e
e
d
e
d
t
o
p
r
o
v
i
d
e
1
a
n
d
v
e
r
t
i
c
a
l
e
d
d
y
d
i
f
f
u
s
i
o
n
c
o
e
f
f
i
c
i
e
n
t
s
0
o
b
t
a
i
n
t
h
e
d
e
t
a
i
l
s
o
f
t
h
e
w
a
t
e
r
T
h
e
e
f
f
e
c
t
o
f
w
a
v
e
s
i
n
t
h
e
n
e
a
r
s
h
o
r
e
,
g
3;
b
o
t
h
d
i
r
e
c
t
l
y
i
n
s
e
d
i
m
e
n
t
r
e
s
u
s
p
e
n
s
i
o
n
a
n
d
i
n
d
i
r
e
c
t
l
y
i
n
f
o
r
m
a
t
i
o
n
o
f
l
o
n
g
s
h
o
r
e
’
ﬂi
c
u
r
r
e
n
t
s
,
h
a
s
y
e
t
t
o
b
e
q
u
a
n
t
i
f
i
e
d
.
O
b
v
i
o
u
s
l
y
,
r
e
s
e
a
r
c
h
i
n
t
o
t
h
e
s
e
p
r
o
c
e
s
s
e
s
I
I
i
|
i
l
3?
c
o
a
s
t
a
l
p
r
o
c
e
s
s
e
s
a
n
d
l
o
a
d
i
n
g
c
h
a
,
b
e
t
t
e
r
d
e
t
e
r
m
i
n
a
t
i
o
n
o
f
h
o
r
i
z
o
n
t
a
j;
w
h
i
c
h
a
r
e
u
s
e
d
i
n
h
y
d
r
o
d
y
n
a
m
i
c
m
o
d
e
l
s
t
”?
m
o
v
e
m
e
n
t
s
a
n
d
t
h
u
s
e
s
t
i
m
a
t
e
e
x
c
h
a
n
g
e
.
‘3
m
u
s
t
c
o
n
t
i
n
u
e
a
n
d
b
e
d
i
r
e
c
t
e
d
a
t
g
e
n
e
r
a
t
i
n
g
e
s
t
i
m
a
t
e
s
o
f
t
h
e
e
x
c
h
a
n
g
e
r
a
t
e
s
v
e
s
u
b
s
t
a
n
c
e
s
,
h
e
a
t
,
a
n
d
b
a
c
t
e
r
i
a
.
A
t
t
h
e
b
e
u
n
d
e
r
t
a
k
e
n
t
o
u
t
i
l
i
z
e
e
x
i
s
t
i
n
g
w
a
t
e
r
q
u
a
l
i
t
y
d
a
t
a
t
o
d
e
t
e
r
m
i
n
e
m
a
s
s
e
x
c
h
a
n
g
e
s
.
F
o
r
e
x
a
m
p
l
e
,
i
t
m
a
y
b
e
p
o
s
s
i
b
l
e
t
o
q
u
a
l
i
t
y
d
a
t
a
i
n
a
r
e
g
i
o
n
t
o
i
n
d
i
c
a
t
e
t
h
e
l
o
n
g
-
t
e
r
m
m
a
s
s
e
a
n
d
o
f
f
s
h
o
r
e
r
e
g
i
o
n
s
.
T
h
e
i
m
p
o
r
t
a
n
c
e
o
f
t
h
i
s
w
h
e
r
e
g
e
n
e
r
a
l
l
a
k
e
w
a
t
e
r
q
u
a
l
i
t
y
i
s
g
o
o
d
b
u
t
is obvious.
f
o
r
c
o
n
s
e
r
v
a
t
i
v
e
a
n
d
n
o
n
—
c
o
n
s
e
r
v
a
t
i
s
a
m
e
t
i
m
e
,
r
e
s
e
a
r
c
h
e
f
f
o
r
t
s
s
h
o
u
l
d
u
s
e
l
o
n
g
—
t
e
r
m
w
a
t
e
r
e
x
c
h
a
n
g
e
s
b
e
t
w
e
e
n
t
h
e
n
e
a
r
s
h
o
r
r
e
s
e
a
r
c
h
f
o
r
t
h
e
U
p
p
e
r
L
a
k
e
s
,
l
o
c
a
l
i
z
e
d
w
a
t
e
r
q
u
a
l
i
t
y
d
e
g
r
a
d
a
t
i
o
n
s
a
r
e
a
f
f
e
c
t
i
n
g
w
a
t
e
r
u
s
e
,
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